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DANLY MECHANICAL PRESSES 


BUILT IN BRITAIN 


to the same standards that have made them America’s outstanding line 


Danly advantages in your produ 
tions now. Write or telephone 
Marbaix. Ltd. for 


informa 


SELLING. AGENTS IN BRITAIN: GASTON E. MARBAIX Lip 
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This Mk V Inertia Machine tests Mintex Brake liners under 
controlled conditions, for friction, fade and general perfor- 
mance. It subjects them to stresses greater than any met on 
actual service. The flywheels are brought up to a given speed, 
the brake is applied, and torque, brake drum surface tempera- 
ture and stopping rate are recorded. The Mk V, one of the 
largest machines of its kind in the country, generates up to 
184 million ft/lb kinetic energy—equivalent to the energy 
absorbed in halting 25 double decker buses from a speed of 
30 m.p.h. Together with many others simila: 
the B.B.A. laboratories it provides one of the reasons for the 


machines in 


Mintex Brake and Clutch Liners are man 


long and consistent service that Mintex brake liners give. 
Research has always been the heart of our business. It con- 
tinues today with greater emphasis than ever, making sure— 
and doubly sure—that 


yon can ly ou 


MINTEX 


ired by British Belting & Asbestos Limited, Cleckheaton, Yorkshire, and are available 
from MINTEX Service Depots and Distributors throughout the country. 
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PROVED IN SERVICE 





In the medium vehicle range, the David 
Brown Model 542 5-speed gearbox is 
acknowledged as the outstanding unit, 
and its unfailing reliability, over very 
high mileages, has earned it a world- 
wide reputation. 


Offered with either centre or forward 
control and a choice of direct or over- 
drive top gear, the 542 gearbox is 
designed for a maximum torque of 
205 lb/ft. and is characterised by its 
sturdiness, compactness, low weight to 
strength ratio, ease and quietness of 
operation. 


Write for publications E393.26 and 27 


DIRECT 5th 
SPEED GEAR 


” . y THE 
DAVID BROWN 


CORPORATION (SALES) LIMITED 
AUTOMOBILE GEARBOX DIVISION 
PARK WORKS HUDDERSFIELD 
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Something missing? 


Go to a BP Garage! 


...and Change Up to BP Super says Stirling Moss 


Brilliant racing driver Stirling Moss says “‘I races on. I can definitely promise you that 
strongly advise every motorist to gotoa BP | it will give any car a big reserve of extra 
Garage. You won’t find better petrols any- | power, a real zip in acceleration and a better 
where. And! particularly wanttorecommend | top speed. What’s more, it’s particularly 
BP Super-the petrol I’ve won several major | economical.” 








.».and change your oil to BP Energol ‘Visco-static’ says Ken Gregory 


Often Clerk of the Course at race meetings, {| wearand petrol consumption, compared with 
and Stirling Moss’s manager, Ken Gregory, conventional oils. It also helps greatly when 
gives this valuable advice. ““At a BP Garage starting up from cold. If your car’s engine is 
you get BP Energol ‘Visco-static’ motor oil. in good condition, go to your BP Garage and 
And this is something I can’t recommend too have the oil changed to BP Energol ‘Visco- 
strongly. From personal experience I know static’. I think it is the most remarkable 
this oil gives a tremendous saving in engine | engine oil on the market to-day.” 


... and enjoy really first class service says Mr. A. J. Meyer 


Owner of a 1957 Ford Zodiac, Mr. A. J. | is so very much better than I’ve ever had 
Meyer, of 82, Kensington Gardens Square, | before that I’m recommending him to all my 
London, W.2, writes this letter “...I am | friends! Service is first class. Fuels and 
writing to you because I have recently started oils are excellent. If publishing this letter will 
os going to a different garage. This new man | persuade more motorists to ‘Go BP’ then you 
\Y : sells your BP products :—A BP Solus Station have my full permission, and encouragement, 
I believe it’s called. The treatment I now get to do so!” 





DRIVE IN WHERE YOU SEE THE BP SIGN {(@ 


THE BRITISH PETROLEUM COMPANY LIMITED 
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Whatever the “ vital statistics” of shape and size, 
you can be sure that NEWMANS TUBES can supply 
you with Cold Drawn Seamless and Precision 
Electric Welded Steel Tubes to your most exacting 
requirements. From raw material to finished tube, no 
effort is spared to ensure that quality price and 


delivery are unrivalled anywhere. 


TUBES LTD. A TUBE MANIPULATION SERVICE 


We can also offer our clients an unsurpassed service 
in manipulating tubes. All enquiries are assured of 
prompt specialised attention. 


} 
| 
Ti 
i 
i 


NEWMANS TUBES LIMITED, HOLYHEAD ROAD, WEDNESBURY, STAFFS. TEL: WEDNESBURY 0947-8-9-0 
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there’s room for you inside... 


Leathercloth made with Geon PVC is an indefatigable 
traveller, designed to survive handsomely 

the hard knocks of the travelling public. 

It provides the toughest, 

most durable and yet the most elegant interior 
trimming for buses, coaches and trains... 

never loses its excellent surface finish orcolour... 
does not scratch or tear... 

a wipe with adamp cloth removes all dirt or grease. 
Leathercloth made with Geon PVC 

is widely used in the transport industry for 

interior trims and wall panelling, 

upholstery and coupé hoods. 

Colourful — hard-wearing — resisting weather and fire, 
itcontributes materially to the 

comfort and safety of passengers everywhere. 

For further information 


about Geon PVC please write for Booklet No. 116 


*Geon’ is a registered trade mark 


Photograph by courtesy 
of Eastern Coachwork Ltd. 


British Geon Limited 


SALES AND TECHNICAL SERVICE DEVONSHIRE HOUSE PICCADILLY LONDON W1 MAYFAIR 8867 
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THIS ‘MICRONIC’ DIESEL FUEL FILTER 


has two stages, each with a ‘Micronic’ element. The second stage is sealed to 
discourage interference except at major overhauls, thus constituting a safeguard 
against the introduction of foreign matter into the injection system when replacing 
the element of the first stage. This arrangement is recommended where labour is 
unskilled or the conditions are extremely dusty. 
‘Micronic’ paper filter elements are the result of successful 
pioneering and development by Purolator. 
AUTOMOTIVE PRODUCTS COMPANY LTD., LEAMINGTON SPA, WARWICKSHIRE 


Regd. Trade Marks: 
Purolator, ‘Micronic’ 
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MAKING STEERING LIGHTER 
Tyre pressure 


The effects of tyre pressure on static and dynamic heaviness 
are best considered separately. 

The static torque—parking—we know by experiment to be 
the highest torque the steering linkage has to contend with. 
French & Gough (“The Role of Tyres in Automobile Design 
& Performance”’, F.I.S.1.T.A. Conference 1954) have quoted 
the formula: 

where wp is the coefficient 
of friction between tyre and 
road, W is the load carried 
and P is the _ inflation 
pressure. 

We see from this that this static or parking torque is inversely 
proportional to the square root of the pressure. Therefore 
(as we all know by experience) the lower the pressure the 
higher the parking torque. From this point of view therefore 


Torque T: 


RIGHT 


ABOVE—Normal tyre contact— 


increase in tyre. pressure, giving 
finger-light steering. 


the higher the pressure the better. Unfortunately, however, 
pressure is determined usually by other considerations, such 
as comfort and handling. 


It is interesting just to take a look at the effect of weight on 
parking torque, since there has been a very general tendency 
to increase the proportion of load on the front of the vehicle. 
If we assume that to please the tyre manufacturers or to keep 
a constant standard of comfort we put up the pressure in the 
tyres to maintain the same tyre deflection under load, then, 
roughly, tyre pressure will vary with load. Applying this 
relationship to the formula above, we see that parking 


, that is W is directly proportional to the load 


torque oy 
g- 
ae 


carried by the front tyres. 


The effect of tyre pressure on steering heaviness in dynamic 
conditions depends on the effect of pressure on self aligning 
torque and on drag. To arrive at the first, on published 
information (I.Mech.E., A.D. Proceedings, ““Tyre Charac- 
teristics as Applicable to Vehicle Stability Problems’’, Hartley 
& Joy) we have to observe the effect of pressure on self 
aligning torque at a given slip or drift angle, and of pressure 


Normal tyre contact— 
white. Red—contact with gross white. Blue—increase in contact 
with gross reduction in tyre pres- 
sure, giving very heavy steering 


also on the drift angle. For instance, suppose we take an 
extreme and consider an increase in pressure from 20 to 30 
p.s.i. The self aligning torque for a drift angle of 6° would 
drop from 50 Ib. ft. to about 41 Ib. ft. But the drift angle to 
develop a given cornering force would drop from 6° to about 
4.8° with the same rise in pressure and this drop in drift angle 
will drop the self aligning torque further from 41 Ib. ft. to 
39 Ib. ft. An increase in pressure of 50° will therefore result 
in a drop in self aligning torque, for a given cornering force, 
of 22%. 

When we come to the effect of the drag difference between 
the two front wheels, an increase in pressure in itself reduces 
the rolling resistance of a tyre. According to a formula 
developed by the German “Continental” tyre people, an 
increase in pressure from 20 p.s. i. to 30 p.s.i. would drop the 
normal rolling resistance by 28%, i.e. from 49 Ib/ton (Hartley 
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& Joy measured figure) to 35 Ib/ton. In addition to this 
reduction itself, there will be a further reduction due to the 
reduction in drift angle, which will reduce the component of 
the true sideways force on the tyre which opposes motion of 
the car. This (Hartley & Joy figures again) would reduce the 
drag from 167 Ib/ton (6° drift) to 130 lb/ton (4.8° drift) so 
that (as this includes the normal rolling resistance) we would 
expect the increase in pressure from 20 p.s.i. to 30 p.s.i. to 
reduce the drag from 167 Ib/ton to 116 Ib/ton, a drop of 
about 30%. 

It is worth remembering that, since this drag occurs without 
brakes being applied, it is not acting at the tyre road contact 
point, but on the centre plane of the wheel at its rotational 
axis. The offset of this drag force from the king-pin is not 
therefore the offset at the road but the almost always greater 
one at the wheel axis height. In spite of this assistance, the 
drag difference effect is probably not more than a fifth to a 
quarter of the self aligning torque, and is usually less 
than this. 

It is curious that the percentage reduction is about the same 
for both static and dynamic tyre torques with increase in 
tyre pressure. 


Thompson 
Self-adjusting 
STEERING AND SUSPENSION JOINTS 


AUTOMOTIVE PRODUCTS COMPANY LIMITED, 


LEAMINGTON SPA, WARWICKSHIRE, 
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Three frozen 


cheers for 
Electrolux 


H’rm . .. H’rm! —said the MD clearing 
his throat: I have great pleasure in 
proposing a toast (CHEERS) to the 

Electrolux boys (LOUD CHEERS) on the 
production at Luton of their millionth 
fridge (IMMENSE AND PROLONGED 
APPLAUSE). 

Ladies and gentlemen, 

only a company of immense skill 

and enthusiasm in every department could 
make a million refrigerators for a 


DESOUTTER BROS. LIMITED, THE HYDE, HENDON, N.W.9. 
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people who are undoubtedly more cold more often and 
at more unlikely seasons than any nation in the world. 
Such a company is the Electrolux Company ! 

(MORE CHEERS mized with cries of BRING ON THE 
TOAST). If proof of the far sightedness, the deep 
wisdom, the high technical intelligence of this 
Company be asked, I need only say that in every 
department of Electrolux only the best men, the best 
materials and THE BEST TOOLS ARE GOOD ENOUGH — 
AS IS PROVED (he cried, raising his voice to a 
fortissimo) BY THEIR INCREASING USE OF 


DESOUTTER 
TOOLS! 


(loud cries of ‘Oh... 
and ** Push him in the fridge !”’) 


you self-advertising cad !” 


LONDON. 
CRC286 


TEL: COLINDALE (5 LINES) GRAMS: DESPNUCO HYDE, 


9 














Suitable for maximum 


engine torque of 210 Ib./ft. 


at 1,000 r.p.m. Overdrive 
can be fitted if desired. 
Full specification and 


details on application. 





PHONE:- ERDINGTON 1661-6 GRAMS:- ‘MOSGEAR, BIRMINGHAM’ 


THE MOSS GEAR CO. LTD - CROWN WORKS 





TYBURN - BIRMINGHAM 24 
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Maximum swing .. oe 
Bar work upto .. [4° Re 
H.P. of motor .. eS, 

16 speeds .. 21-1500 r.p.m. 
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The machine incorporates all the well-known Herbert Lathe features including 
the power-operated Preoptive Headstock which eliminates idle time due to speed 
changing. The Headstock contains large clutches capable of transmitting 

ample power throughout the entire speed range. Automatic sliding and surfacing 
saddle with or without chasing and taper-turning attachments. Feeds to saddle 
independently reversible to those of the capstan slide. Chasing mechanism, when 
fitted, is automatically tripped. 


Turret is automatically clamped at commencement of forward travel of the capstan slide 
and is of hollow construction. Leader control to capstan slide also available, if required. 


Supplied as a chucking or bar machine, with hand, air or electric chuck. 
Electrically-operated bar, feed also available. 





HER B ER Z LTD., COVENTRY 





Stuck for a Spring? 


If so, Terryss BOXES OF ASSORTED SPRINGS are the 
answer. Here you have a marvellous assortment of Compression 
and Expansion springs... in all varieties, weights, lengths, 
gauges and diameters. The 9 boxes we show here are only a few 
from our very wide and varied range. Let us send you a fully 
illustrated list—post free. 


TERRY'S 


ASSORTED SPRINGS 


No. 760. 3 doz. As- 
sorted Light Com- 
pression Springs 1”.to 
4” long, 22 to 18 
DwW.G. 2 te 7 
diam. 6/6 each. 


No. 98A. 3 doz. As- 
sorted 1” to 4” long, 
4” to }?’ diam., 19G 
to 15G. 5/6 each. 





No. 757. Extra Light 
Compression, | gross 
Assorted, 4” to }’, 
4” to 2” long, 27 to 20 

.W.G. 15/- each. 


No. 388. 4} gross As- 
sorted Small Expan- 
sion Springs. }” to 
13”, 18G to 21G. 
9/6 each. 





No. 758. Fine Expan- 
sion Springs. 1 gross 
Assorted }” to 3”, 3” 
to 2” long, 27 to 20 
S.W.G. 15/- each. 


No. 466. 4 gross As- 
sorted Small Expan- 
sion Springs }” to 1}” 
long, 3/32” to 3/16” 
diam., 21G to 24G. 

6/6 each. 





No. 1013. 1 gross 
Small Coil Compres- 
sion Springs, 3” to 
to 

24G 


No. 753. 3 doz. As- 
sorted Light Expan- 
sion }” to }” diam., 
2” to 6” long, 22 to 18 
S.W.G. 10/6 each. 
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Cut Production 
costs with 
TERRY 
Wire Circlips 
(Square Section) 
We can supply from 


stock in sizes from 4” 
to ”. 


y 





No. 1024. 20 Compres- 


sion Springs 12” long, }” 
to 4” diam.,24G to 
18G, suitable 

for cutting 

into shorter 

lengths; and 

30 Expansions 


*interested in Springs? 
1957 Editorial Spring Design 
and Calculation—post free 12/6 


Hr 


14” to 12” long, \ 
5/32” to ” diam., 
22G to 16G. 24/- each. 


HERBERT TERRY & SONS LIMITED REDDITCH WORCS 


(Makers of fine Springs, Wireforms and Presswork for over a century) 
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THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, ESSEX 
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COIL SPRINGS 


* COIL SPRINGS 


* TORSION 
BARS 


* LAMINATED 
SPRINGS 


also 
* UPSET 
FORGINGS 


TOLEDO WOODHEAD SPRINGS 
give top performance everywhere 


TORSION BARS 
also 
UPSET 
FORGINGS 


Tr 
' 





TOLEDO WOODHEAD SPRINGS LIMITED: SHEFFIELD 3 





As vehicle suspension 
engineers we design and 
manufacture or supply to 
requirements all types 
of springs used in 
automotive design. 


We are also the 
manufacturers of 


KANTLINK 


SPRING WASHERS 
LAMINATED 
SPRINGS 


TWS65 
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lubricating and parting agent during 


while these feather-light.l 


during the running-in of af xutomobile or the assembly of an aero engine: it plays a parting rél 


in the close-limit forging of-compressor blades, the moulding of a glass bottle, or the 


treatment of screw threads. 


Things forged, extruded, drawn, hammered, spun, milled, broached, drilled; things 


colossal and things microscopic; things nuclear, plastic, electronic, electrical, 


ferrous and non-ferrous; things present and futuristic: all these and 
more are our concern. If any are your concern too, we can probably 


help, either by solving a lubricating problem or by making a good 


ee ne ae ee 


process even more efficient and economical. 


If you would like a general picture of our range, write to our 
Richmond office for Bulletins 98 (electrical and electronic appli- 
cations) and 99 (metalworking and forming) 


ACHESON COLLOIDS LIMITED 


[subsidiary of Acheson Industries (Europe) Ltd.] 
PRINCE ROCK - PLYMOUTH - DEVON ACHESON INDUSTRIES (EUROPE) LTD. 18 Pall Mall, London, $.W.1 
Telephone : PLYMOUTH 66351 - Telegrams: “OILDAG” PLYMOUTH ACHESON DISPERSED PIGMENTS, Dukinfield, Cheshire, England 
TECHNICAL SALES & SERVICE DEPARTMENT ACHESON COLLOIDEN N.V. Scheemda, (Gr.), Netherlands 
CT BRE a “tes = pita ACHESON INDUSTRIES INC. AND AFFILIATES, New York, W.Y, 


70 Hill Street, Richmond, Surrey - Telephone : RIChmond 5481/2/3 (3 lines) 
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PHILIDAS 


Self-locking Nuts 


NEVER LOSE THEIR GRIP 








FORD —with the new Thames 
light commercial vehicle— 


B02'9 


Continue to rely on P H ! LI DAS 


These one piece nuts are of all-metal con- 
struction—with no insert. They stay secure 
under extremes of temperature and against 
all vibration—and can be used time and 
time again. 

Most types and sizes available from stock. 


THEY YIELD ONLY TO A SPANNER 
Send for our new catalogue 
PHILIDAS DIVISION — WHITEHOUSE INDUSTRIES LTD. 


FERRYBRIDGE, KNOTTINGLEY, YORKS. LONDON OFFICE: 44 HERTFORD STREET, W.I. 


Tel. Knottingley 2323 (5 lines). Telex 55-166. Telex 23549. 
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Shell meets the 
demand for DERV 
all over Britain 


To give the best possible service to 

the increasing number of diesel powered 
transport vehicles now in operation, 
Shell have established a nation-wide 
network of agencies selling SHELL DERV. 
Wherever you send a diesel vehicle you 
can be sure that a SHELL DERV 

station will be close at hand. Your drivers 
can pay cash for SHELL DERV or 

by showing a Shell ‘‘ Authority Card”’ 
they can refuel by asystem of 
pre-arranged credit at any Shell agency. 





YOU CAW BE SURE OF BHELL OERV 
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‘Eclipse’ hacksaw blades and other tools are made by James Neill & Co. (Sheffield) Ltd. and are obtainable from all tool distributors 


UH20 
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its a good plan 
to. include 








AC -Delco 


QUALITY PRODUCTS 








AC AIR CLEANERS AND 
SILENCERS 


AC FUEL PUMPS 








Virtually every British car has one or more 
AC-Delco components designed into it on 
the drawing-board. AC-Delco research 
engineers wil! gladly help when you are 
planning a new design or modifying an DELCO-REMY 
existing one. Liaison at the drawing- IGNITION COILS 


board stage can help your design and These ore a few in the wide range 
production programme. of AC-Delco automobuie and electrical 
products. 





AC-DELCO DIVISION OF GENERAL MOTORS LIMITED, Dunstable, Beds. Telephone Dunstable 1166 
or Broadgate House, Coventry. Telephone Coventry 40491 
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STAINLESS STEEL~- 
A METAL YOU kNOW .... 


..» Men in industry will confirm their years of experience 
with it. 

Now the most useful modern metal—Stainless Steel— 
is being used more and more for motor car trim and fittings. 
Stainless Steel is the ideal metal for cars, no peeling or chipping, 
no polishing, all it requires is a regular wash with warm soapy 
water and a rub up with a leather. 


Every car owner knows that the fittings count such a lot 
in keeping up appearances and values, and Stainless Steel trim 
willturn him (or her) into a proud and discriminating enthusiast. 


PIRTH-VICKERS STAINLESS STEELS LTD. SHEFFIELD 


Telephone: Sheffield 42051 
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Apials 


The many outstanding features of this 

6ft. radius medium duty high speed 

radial are fully exploited in this well-equipped 

Glasgow workshop. Typical work includes gas engine 

crankcases, in which over 300 holes are drilled, ranging from 

¥” to 2”. Models are available with 4ft., 6ft. and 7 ft. 
spindle radius. 


JAMES ARCHDALE & CO. LTD., LEDSAM STREET, BIRMINGHAM 16 
(A member of the Staveley Coa! & Iron Co., Ltd. Group). 
SOLE AGENTS : ALFRED HERBERT LTD., COVENTRY 
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ACKSON 
Be on VICTORIA CK 
"LONDON ECA. 
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h” Plastic 
Sleeve supports insulation 
f Insulation 


\ 










Serrated for 
firm grip 






Bell mouth for 
easy wire insertion 






Colour identifies 
wire size range 










Red 22-16 
Blue 16-14 
Yellow 12-10 


* 
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terminal 






A special A-MP* curing process produces the hard, strong 
plastic insulation used on A-MP PLASTI-GRIP terminals. 
The insulation is .027” thickness, and will not fracture 
under pressure of the crimp. 

A-MP tooling is designed to retain as much as possible the 
original thickness of the plastic to assure an electrically 
and mechanically sound connection. PLASTI-GRIP ter- 
minals provide insulation at minimum cost; insulation 
support for the wire. The plastic can be specially expanded 
for oversize wire insulation. 
























MN 
s PLASTI-GRIP terminals are applied by a single operation 
‘ of A-MP press dies or hand tools. 
. Terminals are made from high conductivity copper, of 
yeti ca ‘ one piece construction, electro-tinned for corrosion 
. resistance. 
The A-MP solderiess method . The terminal barrel is serrated so that under the crimping 
meets wire termination specifi- . pressure the strands of wire ‘‘flow’’ into these serrations, 
cations in foreign countries. \ making a connection of great tensile strength. 
Use of the A-MP method will % The wire and terminal form a homogeneous mass and the 
enable you to compete in world N large inside surface assures a connection of maximum 
markets. It is particularly signi- < conductivity and corrosion resistance. The current 
ficant that A-MP systems are NS carrying capacity of the terminal is equal to that of the 
standard practice in the U.S.A. A largest wire for which the terminal is designed. 






a SEE US NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 
* 









AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 













+73 London Office: DEPT. 12, 60 KINGLY STREET, LONDON, W.1. Telephone: REGent 2517-8 and 3681-2-3 

T i 
post aaa Works: SCOTTISH INDUSTRIAL ESTATES, PORT GLASGOW, SCOTLAND AP 323/45 
*Trade Mark of AMP Incorporated, U.S.A i 
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At the windtunnelt stage... 
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THE BRITISH PISTON RING CO. LTD. COVENTRY, ENGLAND 
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TO THIS 
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DAIMLER 
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THEY ARE USED TODAY 
ON THE WORLD’S 

BEST COACHES, 

BUSES, TRUCKS, 

AND DUMPERS, ETC. 


KIRKSTALL FORGE ENGINEERING 
LIMITED teeos, 5 


Telephone: Horsforth 2821 
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*‘Newallastic’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 


be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 


LG 


OD Qo 
POSSILPARK GLASGOW 
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‘SILENTBLOC’ rubber-metal mountings are the accepted 
means of insulating almost anything from vibration—from 
small and delicate instruments to multi-ton drop-hammers. 
If you have a vibration problem, bring it to us as pioneers 
and far and away the leaders in the use of rubber in 
engineering. Technical information always available from 
Silentbloc Limited, Manor Royal, Crawley, Sussex. Telephone: 


Crawley 2100. 


cs by EIITTTLITTS 


ANDRE RUBBER CO. LTD. — A SILENTBLOC COMPANY 


Pioneers of Rubber in Engineering 


TAS/SBIB 





FASTER WELDING WITH 


ve aluminium body of this 
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many examples of the 


British Oxyger 


the n ice) 


Argonarc welding 


r industry. There 
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process 


are five good reas 


extensively us 


results in little 
sound, bright welds free fr 
its gas yal kci komad Pealharlackem a afem Ly 
there are no post-weld n problems; 
no expensive post-weld Argonar« 


welded joint is stronger 
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Spencer House, 27 St. es’s Place, London, S.W.1 


British Oxygen Gases Li 
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50,000 miles 

more paylife 

for your fleet 
vehicles! 


~ 


‘i _ ie : - soe ben 


like an extravagant claim? It isn’t—when you 
examine the facts about Clayton automatic chassis lubricators. 


I No idle vehicles, no downtime—each vital 2 Because lubrication is complete and constant, 
chassis point is automatically lubricated at peri- chassis bearing wear is reduced to a minimum, 
odic intervals while the vehicle is on the job, a promise of longer chassis life. 

carrying payloads. 


Add to these the many other advantages of a Clayton automatic chassis lubricator— 
reduced maintenance costs; fewer replacement parts needed; less lubricant used; 
lower labour costs—and it’s easy to see where your 50,000 miles of extra paylife 
come from. 

’Phone or write us for more information. A qualified Clayton engineer will be glad 
to inspect your fleet and make specific recommendations. 


INSTALLATIONS IN LONDON & HOME COUNTIES BY UNIVERSITY MOTORS LTD., LOTS ROAD, LONDON, S.W.10 


CLAYTON DEWANDRE co. cro. 


TITANIC WORKS, LINCOLN + PHONE 11305-9 
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The history of the motor car is the history of i a ey © D ¢ ) 
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In 1895 the first car had arrived in Britain. In 1896 the 
three-mile an hour speed limit and the red flag rule 
had been repealed. Herbert Frood inventor of Ferodo 
brake linings began his investigations into friction 
materials in 1897. So the history of the motor car 
and of Ferodo began together. 
Automobile engineers have looked to Ferodo 


Limited to help solve their friction problems, 





f 








must 


because improved braking performance 
depend, amongst other factors, on better and better 
friction materials. They will continue to receive 
in the future, as they have in the past, the full 
backing of Ferodo research and technical service, 
developing new materials, new methods to control 


the increasingly high performance of modern cars. 


| a Brake Linings - Disc Brake Pads - Clutch Facings - Fanbelts 


z ‘ s 
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XTY YEARS OF SAFETY 
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FERODO LIMITED * CHAPEL-EN-LE-FRITH A Member of the Turner & Newall Organisation 





















Sand casting in grey iron 

of Diesel Engine Cylinder Head 
by courtesy of Standard 

Motor Co., Ltd, 


STERLING METALS LID coventey a nuneaton 
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BEST BRAKES IN THE WORLD 
ent / 


Achieve 
DISC BRAKES 


FOR PRIVATE CARS 


FACTS 
Fitted as Standard Equipment on 
the famous Triumph T.R.3, 
Aston Martin DB 2/4 Mk. 3 
and Lotus. 


GIRLING DISC BRAKES ARE 
* Progressive— Consistently 
safe 


mau & Fade free 
* Self Adjusting 


eo — & Self Cleaning 
; Self Drying 


* Long Lasting—Wear 
checked at a glance 


* Pad replacement is easy 


GIRLING 
DISC BRAKES 


GIRLING. 


anata oma aa O) Makers of hydraulically operated DISC BRAKES since 1940 


c 











GIRLING LIMITED + KINGS ROAD: TYSELEY + BIRMINGHAM 11 
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THis 1s The tool for 


INCREASED PRODUCTIVITY 


impact wrench 


Hye SIZE 24 


4 

‘ff 

Basically designed as a Nut Setting Tool, this Impact 
Wrench may be effectively used with the available 


Extra strong in design and 
construction this tool incorpo- 


attachments for screwdriving, tapping, drilling, 


rates longer normal working life ; , ; 
with minimum maintenance. grindin g, wire- brushin . OT: san din g. 


R29 


WRITE FOR LEAFLET !.W.202 


BALANCERS - ROTARY AIR DRILLS 


ROTARY SANDERS « RIGHT ANGLE NUT SETTERS 


RIGHT ANGLE DRILLS ~ MULTIPLE SPINDLE UNITS Power To xNI¢ 


ARMSTRONG WHITWORTH & CO (Pneumatic Tools) LTD 


Main Sales Office: 40 BROADWAY WESTMINSTER LONDON SWI 
Cable Address: ARMWHITOOL SOWEST LONDON Phone: WHitehall 5944 


Works: TYNEMOUTH ENGLAND Phone: NORTH SHIELDS 3illl Grams: ARMWHITOOL TYNEMOUTH 
1603 
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This NEW 


Azoflex Mode! E. 00 dsscdcsishamaial 


prints, develops and 


brings AUTOMATION: «<< 
to the Drawing Office 


sheet at up to 1,200 


copies per hour. 


A single operator can handle the machine 
which automatically cuts, counts, develops, 
prints and stacks as many copies as required 
with the master copy remaining in the same 
condition as when it went into the machine. 
It requires no darkroom ; there are no 
unpleasant fumes and it takes up relatively 
little space. 

Used continuously it will pay for itself by the 
economy in material cost alone, due to its 
ability to work from roll material rather than 
cut sheets. 

The unique Azoflex range of diazo materials, 
developed by Ilford, enables the Model E.50 
to be used for the reproduction of opaque and 
double-sided originals, in addition to standard 
drawing office translucent masters. The 
Model E.50 is only one of the range of Azoflex 
machines designed to assist and provide 
economies in modern drawing office repro- 
duction practice. For details of the full range 
of Azoflex machines and materials write or 
telephone : 


Ilford Limited, 

Azoflex Sales Department, AZ12C, 
104 High Holborn, London, W.C.1. 
Telephone: HOLborn 3401. 





P = 


ALTLAS RELA, 





ILFORD Bizzvrir; 








PHOTO-PRINTING MACHINES AND MATERIALS 
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Let's Iook va 


. » «from your point of view and 
from ours the focus is on reliability. If a 


spring passes our tests it will pass 





any that can be imposed and particularly 
the test of time. 
May we quote on your next specification? 


Our technicians are at your service. 


SALTER 


always a Spring ahead | 














GEO. SALTER & CO. LTD., WEST BROMWICH, ENGLAND . estastisHEed 1760 
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THIS SPACE 



















































































The shaded area indicates the space you save by installing Atlas Copco 
AR-E ‘Power-Pack’ compressors in place of standard machines 


with Atlas Copco ‘Power-Pack’ 
Compressors 


The Atlas Copco AR-E ‘Power-Pack’ range is a series 



























of heavy-duty stationary compressors, specifically de- 
signed to cut down on floor space and installation costs. 
The diagrams above show how these compact machines 
save on space—up to 25% in this typical installation. 
Installation costs are cut because AR-E compressors 
are delivered complete. The motor is an integral part of 
the unit, mounted on the compressor casing. Putting an 
AR-E to work takes virtually no time at all—particular- 
ly when mounted on skidframes, when bolting-down is 
‘unnecessary and the machines can easily and quickly be 
moved. 
Maintenance is reduced because there is no vee-belt or 
coupling, and the motor is bolted directly to the crank- 
case, eliminating risk of misalignment. 





Bh: B > a - 4 
o|- 












World-wide sales and service 
AR-E ‘Power-Pack’ compressors are just a few of the great range 
of compressed air machines manufactured by the Atlas Copco 
Group, and sold and serviced throughout the world. For further 
details, contact your local Atlas Copco Company or Agent, or 
write to Atlas Copco AB, Stockholm 1, Sweden, or Atlas Copco 
(Great Britain) Limited, Beresford Avenue, Wembley, Middlesex. 


Mtlas Copco Manufacturers of Stationary and Portable Compressors, 


Rock- Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment. c.18 
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One-third of Britain's SUMET STEEL 


is made by 


an 


OF WALES LIMITED 


a 





Tron ore being unloaded at Margam Wharf 





mm 


T/eNin . 


Y actie® 
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ENQUIRIES to the Sales Manager : Sheet and Plate—Abbey Works, Port Talbot, Glamorgan 
Electrical Sheet-—Orb Works, Newport, Monmouthshire 
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After leaving the soaking pits: an ingot being placed on the ingot buggy 


No. 4 Blast Furnace 


A slab passing through one of the roughing stands 
of the 80” continuous hot-strip mill at Abbey Works 
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timing chains 


eu chosen for 


MORSE CHAIN DIVISION BORG-WARNER LIMITED, LETCHWORTH, HERTS. 
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‘The Thinker’ by Rodin 
Copyright : S.P.A.D.E.M., Paris 
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4 
Ever 
thought 
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Why should you? Because Herculite is an Autoclave Plaster and therefore 
has many times the strength of commercial Plaster of Paris. Several types, 
having high strengths, cater for all the modelling work encountered in 


pattern shops. Special grades are available for the precision casting of 


non-ferrous metals. Write for literature on the technical aspects. 


The Gotham Company Limited, Gotham, Nottingham. Tel: Gotham 201/3 
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Quality counts with 


Royal Enfield - they use 
_ Harper Castings 








The crankshaft for the Royal Enfield 692 c.c. 
“Super Meteor” Motorcycle, which has to 
deal with an output of 40 bhp., is machined 
from a Harper casting—accurate in dimen- 
sion, free from hard spots and possessing a 
quality of finish that is unsurpassed. 










Harper quality covers grey iron and 
Meehanite castings, and also metal pressings, 

machining, enamelling and other finishes Hi ARPER 
and sub-assembly work. CASTI Ri GS 


JOHN HARPER & CO. LTD. JOHN HARPER (MEEHANITE) LTD. 
ALBION WORKS Phone: WILLENHALL 124 (5 lines) Grams: HARPERS, WILLENHALL WILLENHALL 








LONDON OFFICE: SEAFORTH PLACE, 57, BUCKINGHAM GATE, LONDON S.W.1_ Tel.: TATE GALLERY 0286 
MANCHESTER OFFICE: c/o 8. J. Brown & Partners Ltd. 248/9 Royal Exchange, Manchester 2 
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SUSPENSION UNITS 


for the HE 
VEHICLE 


HEAVY-DUTY 
CONE BUSHES 


Accommodating pivotal movements such as those 
in suspension linkage and spring pivots, these 
bushes are relatively free torsionally, adding but 
little to the spring stiffness. They are very stiff 
axially and radially and support heavy loads. 


SPHERILASTIK 
BEARINGS 


Permitting universal pivotal movements combined 
with large loads, Spherilastik bearings are being 
used with great success on a number of new 
suspension systems. Rubber is bonded to the 
spherical inner member and to the outer member 
which is in three segments. Force-fitting in the 
housing pre-loads the rubber to increase life and 


load capacity. 


ULTRA-DUTY 
SHACKLE PINS 


These are made in two types, one as 
illustrated and the other a still heavier 
duty type. They are giving amazingly 
long mileages in spring shackles on 
heavy vehicles. 

Whatever your suspension, transmis- 
sion or vibration problems may be, our 
engineers are always at your disposal. 








=s 











1.6.1. smal 


now In 
this distinctive 
carton 





Quality - 
















Reliability - 





Immediate 







Delivery , | 


Es Each handy carton contains 






a 25 ft. double pancake 






coil of easily manipulated 






tubing in one of seven 


outside diameter sizes 






between } in. and $in. 








IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 






cT13 
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TYPE 11 P 


The standard 

rotary shaft seal. 
Gives perfect sealing 
at high speeds and 
for long periods, 
with minimum 


TYPE 11 P/B 


As type II P 
but with the 
casing covered 
with rubber. 
Interchangeable 
with metal 


TYPE 23 P 


An external 

seal used when 
fitting conditions 
prevent the 

use of II P 

or II P/B seals. 











! frictional loss. case seals. 





TYPE 12 P TYPE 13 P TYPE 31 P 
Similar to type 

11 P but with- 

Out a spring on 
the second lip 
which serves 

as a dust excluder. 


A springless seal 
used as a wiper 
or dust excluder 
for rotating or 
reciprocating 
shafts. 


A rotary shaft 
seal used to 
separate two 
different 
fluids. 























NU-LIP RINGS O-RINGS TYPE 7 P 


A hydraulic and 
pneumatic seal used 
chiefly on recipro- 
cating pistons or as 
a valve stem 

N packing. Normally 
, fitted in a groove. 


PIONEER OILSEALS 
O-RINGS AND HYDRAULIC PACKINGS 


A compact automatic 
seal for reciprocating 
and static applications 
over a wide range to 
temperatures and 
pressures. All British 
Standard sizes in stock. 


A special section 
ring which cannot 
twist. Superior to 
the O-ring for 

low and medium 
pressure non-static 
applications. 





Every fluid sealing application comes within the 
Pioneer range. Write NOW for the 

PIONEER OILSEAL LITERATURE. 

The PIONEER man is trained to solve your 


sealing problems on the spot. Call him in now. 


PIONEER OILSEALING & MOULDING CO.LTD. 


A DIVISION OF J. H. FENNER & CO. LTD 


Factory and Head Office: Cottontree Works, Colne, Lancs. Tel. Wycoller 411/2/3. 
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Heat 
where you 
want it 


Use electricity and bring the heat to the job 
instead of having to bring the job to the 
heat. Heat can be applied wherever it is 
possible to bring a pair of wires—and so 
the heating process can be right in the 
line of production. 


You get much finer control with electricity, too. 
Temperatures can be controlled auto- 
matically—and the constant heat value 
of electricity means that you know that 
the treatment is precisely what is re- 
quired. Not only temperatures but the 
operation of a complete heating unit can 
be controlled automatically. Electric 
heating equipment can be arranged to 
start, run and shut down to any process 
requirement or time and temperature 
cycle. 


Heat where you want it, perfect control, 
cleanliness, lower labour costs and better 
working conditions are some of the ad- 
vantages of using electricity for heating. 
Heating is just one of the many ways in 
which electricity plays a vital part in the 
drive for greater productivity. 








Electricity 
increases 
Productivity 


‘Induction and Dielectric Heating’, just pub- 
lished, is a very important addition to 
the E.D.A. series of books on Electricity 
and Productivity. Other titles available 
are Electric Motors and Controls, 
Higher Production, Lighting in Industry, 
Materials Handling, and Resistance Heat- 
ing. Price 8/6, or 9/- post free. 

If you would like further advice or in- 
formation on how electricity can improve 
productivity, get in touch with your 
ELECTRICITY BOARD, or with E.D.A. 
They can lend you, without charge, films 
about the uses of electricity in industry. 


Issued by the 
British Electrical Development Association 
2 Savoy Hill, London, W.C.2 


eeeeee { aeaeacae 


Automobile Engineer, November 1957 





THE LINK IS CROMARD 


(the hard chrome cylinder liners that 
eliminate cylinder wear). 

The bugbear of cylinder wear en- 
tailing costly premature overhauls 
and lost working hours, becomes a 
thing of the past because the entire 
life of the engine is prolonged. 


Rapier 4P40 self-priming pump. 
Perkins P3 engine fitted with 
Cromard hard chrome liners 
as standard. 


By courtesy of Messrs. Ransomes & Rapier, Ltd. 


Cromard users include household names in 
the Food Industry, Building and Public 
Works, Municipal Cleansing Fleets, Bus and 
Coach operators, and Steel manufacturers. 


More manufacturers are fitting Cromard 
liners as standard or making them available 
as optional equipment. 


Cromard liners are available for Austin, 
Albion, Bedford, Commer, Dennis, Dodge, 
Ford, Land-Rover, Leyland, Morris, 
Perkins, S.D. Freighter, Thornycroft and 
many others. They are stocked, sold and 


fitted the world over. By courtesy of Skanska Cementfabriken AB (Sweden). 


LAYSTALL ENGINEERING 
COMPANY LTD. 


Head Office: 
53 Great Suffolk Street, London, S.E.1 


Telephone: WATerloo 6141 


Luau“tteal \layatall : Lays Aadttad Lal 
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The NEW LIGHTWEIGHT 
‘ARO-BROOM WADE’ 
Pneumatic Hoist 


105” x 5” dia. 

Lifts 4 ton at 25 ft. per minute, 
‘Pull’ or ‘Pendant’ Control. 
Weights: ‘Pull’ type 29 Ibs; 

‘Pendant’ 34 Ibs. 

Easily Handled by one man. 
Expertly designed. Precision built. 
Ideal for Machine Shops and 
Loading Bays. 

Cuts out crane waiting time and... 
SAVES YOU MONEY 


Write now for full details 

SEE THIS AT THE BUILDING EXHIBITION 
“ARO-BROOMWADE ” Pneumatic Tools 
are manufactured by Broom & Wade Ltd., 
to the designs of the ARO Corporation, 
Bryan, Ohio ; leaders in the U.S.A. in the 
development of light pneumatic tools for 
industry. 











““BROOMWADE’?’ 
AIR COMPRESSORS & PNEUMATIC TOOLS 
Your Best Investment 


Visit Stand 309R 


and 316Q BROOM & WADE LTD., P.O. BOX No. 7 
BUILDING EXHIBITION HIGH WYCOMBE. ENGLAND 


National Hall, 
—— Telephone: High Wycombe 1630 (10 lines) 


13th-27th November 
Telegrams: “ Broom’, High Wycombe, Telex. 
537 SAS 
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PARK GATE 


QUALITY STEELS 
FOR THE MOTOR INDUSTRY 





case hardening quality 


for 





gudgeon pins 





THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


A ®@ Company TELEPHONE: ROTHERHAM 2141 (10 lines) © TELEGRAMS: YORKSHIRE, PARKGATE, YORKS 
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Model H80 Illustrated 


PLAUERT 


HORIZONTAL BORING and FACING MACHIN 


Safety Clutch disengages automatically working feed or rapid traverse to prevent damage. 
Power feed to table (Longitudinal, Cross and Circular) « Push Buttons allow fine adjustment 
of Spindle or Faceplate when setting « Automatic cross feed to facing head Designed and 
built for Precision Boring, Drilling, Milling, Threading, Reaming and Facing - Enduring 
accuracy + High productive ability - Wide speed and feed range - Ease of operation. 


Models H80 and H100 are arranged with electric preselection of spindle speeds and feeds. 
Sole Agents BRIEF SPECIFICATION 





Model | He | 
EPUOMOOEP OT CUNEO os. os, ses aa! ieee) oes 23” 3h” 


Max. diameter for facing ... nfloase an’ | 28” 7 
e NS 0 Working surface of table (width 3 x * length) oo | oe moog | 358° "| 447 

Number of spindle speeds ... . eee 16 18 
Range of spindle speeds: r.p.m. ore eer 8—-1400 . 5.6—1000 | 2.8 


The Seen Machine Tool Co. Lt 


41-45 MINERVA ROAD, NORTH ACTON, LONDON, N.W.10 


epnone Elgar 4000 (/0 ) el ¢ ran ( i A J NW 











$5$3/SMT 156 
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R ENOLD — the FIRST name in precision chain 


lela 

































































For over three quarters of a century, whenever 
specifications have been written or considered the 
inclusion of a Renold Timing Chain has been 
recognized throughout the world as a sure sign of 
preoccupation with quality — indicative of equip- 
ment of the highest standard. 


and the last word in quality 


RENOLD CHAINS LIMITED + MANCHESTER 
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, (B'HAM) LTD. 
edna Works, Alcester Street, Birmingham, 12 


Telephone: MiDiand 6246 {6 tines) Telegrams “Capable, Birmingham”, 


4 Viaduct Works 

LONDON North Circular Road, 
South “= 

WORKS London, 


"Phone: eons reales 


~~ 


Serwee, A \ Lens 


MAKE A NOTE OF THE NAME X@x YOU'LL DO BETTER AT orleys. 


oe biecaaiyy 
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FLEXIBLE BEARINGS 


The continuing improvement in the 
standard of performance of the modern 
road vehicle results in ever-increasing 
demands being made upon the compon- 
ents. The Clayflex Principle is a 
recognition of the need to provide a 
flexible bearing which, by design 
improvement, has the capacity to meet 
the more arduous conditions imposed 
upon it by everyday modern motoring. 
The success of the Clayflex Principle 
lies in the combination of two familiar 
techniques, chemical bonding and press- 
ure bonding. The well-known advantages 
of the pressure bond obtained by con- 
trolled rubber deformation upon 
assembly are reinforced by the addition 
of chemical bonding of rubber to inner 
member. It goes without saying that 
the claim to success could not be made 
unless the technical improvement in- 
volved no additional cost. Clayflex 
Bearings are competitive. 


WELLESBOURNE - WARWICKSHIRE - ENGLAND 


Phone. Wellesbourne 316 7, 8 
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type 4 
power- 


steering 


gear 


This latest type 4 unit embodies the wide experience of 
Marles in power-steering, and consists of a 2-valve box 
mounted on the top of the standard Marles 861 manual 
gear unit. 
The type 4 unit, the Universal unit and the standard manual unit 
are all interchangeable on the same mountings. 


Further particulars will be sent on request. 


ADAMANT ENGINEERING CO. LTD., DALLOW ROAD, LUTON 
Sole proprietors of the Maries Steering Company Ltd. 


Telephone: Luton 2662 (4 lines) Telegrams: Adamant, Phone, Luton 

















AVAILABLE NOW FOR YOUR 











SEA LEVEL TEST CHAMBER 


The largest Sea Level testing chamber in Europe, able to operate at temperatures as low as —70°C, is 
now available at our Hemel Hempstead factory. 


e Size : Test Chamber. which is maintained at a temperature of approximately 
Working Space 25’ x 12’ x 10’ high 50°F, and facilities are available for inserting small 
Air Lock 12’x 9x 8’ high bore oil or fuel lines and thermocouples from the air 
e Access: One end of the chamber is removable to lock into the chamber. 
enable large equipment to be driven into the chamber. e Air is normally dried to a frost point of —20°C to 
e Temperature control accurate to +1°C at all tem- —25°C before reduction of temperature, so reducing 
peratures down to — 70°C. the build-up of frost. 


e Instrumentation can be conducted in the air lock e Two exhaust ducts are available. 


ROTAX SERVICES 


Electric Supplies : 24 volt 800 amp D.C., 18/30 volt 350 amp D.C., 
22/116 volt 250 amp D.C. Mains single and 3 phase 50 ohms. 

1. Engineers always available for consultation and 

assistance before the test equipment is received. 

Continuous assistance given during testing. 

No temperature test problem too difficult. 

Special modification always open to discussion. 

Protective clothing supplied. 

Instrumentation assistance given if required. 


For full details write or phone: 
THE TECHNICAL SALES DEPARTMENT, 


ROTAX LIMITED, WILLESDEN JUNCTION, LONDON, N.W.10. TEL: ELGar 7777. 


AAR wr 
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Help speed production 
of multi-diameter shafts 








The ‘“* Maximatic” is shown tooled-up for turning steel 
camshafts. The operator’s duties consist simply of 
unloading, loading and operating the main control lever. 
The tool slide carries out an automatic cycle of quick 
infeed, turn and quick return. All motors then stop 
ready for the component to be removed. 


In the example shown, only the rear slide is employed 
for turning, but a combination of slides can be used for 
both turning and facing, each cross slide being independently 
operated by flat former plates, and adjustment can readily 
be made when a different component is required 


Drummond Automatic Multi-Tool Lathes are built in a 
range of sizes from 6 in. x 18 in. up to 15 in 102 in. 


Write today for details of the size of machine which would  UMMOND BROS., L t D. 


interest you. GUILDFORD - ENGLAND 


Sales & Service for... DR UM bee ON D -AS OU ITH ... the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
*Phone : Midland 3431 (7 lines) “Grams: Maxishope, B’hom. Also at LONDON : Phone : Trofalgar 7224 (5 lines) and GLASGOW : ‘Phone : Central 3411 
D204 


¢.. 
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new insulation—light and strong 


with lsocyanates 
and POLYESTERS by 


These simple-to-mix components give strong, lightweight rigid foams 





to provide an insulating material of particular value in the construction of refrigerated vehicles. 
Easily mixed on the site, the components produce the foam in the cavity to be filled. 
As this happens, a bond is formed with the wood or metal with which the foam is in contact 
adding strength and rigidity to the structure. 
Ask for details of ‘Daltolac’ 21 and‘Suprasec’ D Enquiries shou'd be addressed to: 


1.C.1. Sales Development Department (Polyisocyanates), 
Ship Canal House, King Street, Manchester 2. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED LONDON SW1 ENGLAND 


D.88! 


Automobile Engineer, November 1957 G* 59 





SURFACE HARDENING 
of tank track pins” 


Tank track pins are being surface hardened 
with a G.E.C. high frequency induction 
hardening machine at the Cardiff works of 
Curran Steels Ltd. The pins are hardened 
to a minimum of 54 Rockwell C and to 
depths varying from .025” to .050”. Pre- 
viously it was found difficult—and with one 
pin size impossible—to restrict the hardened 
surface to acceptable limits and all pins had 
subsequently to be straightened. 


Write for details of G.E.C. high frequency 
heating. 


PROCESS HEATING EQUIPMENT 
FURNAGES + HIGH FREQUENCY - INFRA-RED 


7Hme- GEWERAL ELECTRIC co. tTo., 


MAGNET 


HOUSE, 


KINGSWAY, LONDON, 
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WE insist on the most efficient up-to-date 
machinery to achieve the finest results from 

each operation. To keep up with our latest 

production methods, many machines are designed 


and built in our own Works. 


CONSISTENCY applied to every detail is embodied in 


each tool marked DORMER. 














from coins to cars 





a and car MAN UfactUrene 


as well that 
S just they Can 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON. S.W.I 
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Simple tools and attachments adapt .. . 


the PULLOMAX Plate and Sheet-metal Cutting Machine 


to a wide range of applications including:— 


CIRCLE CUTTING 
BEADING 
JOGGLING 

SLOT CUTTING 
LOUVRE CUTTING 
NIBBLING 
DOMING 
FLANGING 

EDGE BENDING 


A typical joggling operation carried out on a Pullomax 
in 7 MINUTES. 


Overall Dia. ... soa 133” 

Joggle ees ... &” deep 

Material 16 s.w.g. mild steel 
The Pullomax Machine has effected considerable 
savings in the production of a variety of 
components. The above illustration is a typical 
example. Operations can be carried out on mild 
or stainless steel, brass, copper, aluminium, 
magnesium, wire mesh, fibre board, and certain 
plastics. Made in 5 sizes up to a maximum edge- 


cutting capacity of 44” in mild steel plate. 


Pullomax P. 7 fitted with 
power feed device 


Available for Early Delivery from Sole Agents:— 


ALFRED 





=== /7D., COVENTRY — FACTORED DIVISION, RED LANE WORKS 
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PRIN CIRCUITS 


Wherever a reliable, economic wiring circuit is required 


consult 


TECHNOGRAPH ELECTRONIC PRODUCTS L™ 
32 SHAFTESBURY AVENUE, LONDON, W.I 


TELEPHONE: GERRARD 4532/3 
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Concentration 


To-day we still remember and honour the craftsmen who established 


Midcy] tradition long before present modern methods were introduced 


THE MIBLAND MG CYEIta PRR cO. UT 


SMETRwWick, 





BPLAFFS. 











The best products 





are made from 


Lee’s steel 





QUALITY CARRIES THE DAY. That’s a good 
reason for having a word with LEE if the products you 
manufacture call for Steel Strip, Bars or Wire. 





Just as it pays ws to produce only materials 
of the highest quality and consistency, so it will 

pay you to use them because of the added prestige 
and sales they will bring you. Write or ’phone now. 











ARTHUR LEE & SONS LTD. Head Office and Works: Trubrite Steel Works, Meadow Hall, Nr. Sheffield. Tel: Sheffield 387272 
London Office: Stafford House, 40 43 Norfolk St., Strand, W.C.2._ Tel: Temple Bar 7187/8 
Birmingham Office: 191 Corporation St., Birmingham 4. Tel: Central 6801/2 





BRIGHT DRAWN STEEL BARS - WIRE - STEEL STRIP - STAINLESS STEEL 
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2-SPEED AXLES 












See 


The magnificent road 
performance resulting gives 
Merryweather fire engines, 
NINDS lil fully loaded, a top speed of 
§3 miles per hour and acceleration 


figures of 0-40 m.p.h. in 24 seconds. 





Merryweather fire engines, built on Eaton 2-speed axles assist in lowering 
chassis by Maudslay specify Eaton maintenance costs and engine wear to a 
2-speed axles to ensure that the driver minimum and also reduce fuel consump- 
has a gear to meet every contingency. tion — three good reasons for ensuring 
High and low ratios in the same axle give that they are fitted to your vehicles. 


twice as many gears and electrical 
control provides the required gear 


at the press of a button. 








EATON AXLES LIMITED 


VICTORIA ROAD, WARRINGTON, ENGLAND 


In association with 














EATON MANUFACTURING COMPANY, CLEVELAND, OHIO, U.S.A. E.N.V. ENGINEERING CO. LTD. LONDON N.W. 10 - RUBERY OWEN & CO. LTD. DARLASTON 
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Service from Ransome & Marles 
puts today’s designers on top 














The Bristol Olympus turbojet engine powers the Avro 
Vulcan atom bomber now in service with the Royal 
Air Force. This cut-away view shows an early version 
now off the secret list. All Bristol engines are fitted 
with Ransome & Marles Bearings. 


What services do Ransome & Marles offer the designer ? 


Automobile Engineer, November 1957 


As you know, the machines being designed today are going to operate at very high 
speeds, under very heavy loads, and in conditions that could produce high temperatures. 
We help the designer to overcome these problems by our research into new bearing 
materials such as ceramics and sintered metals—and the results of this research are 
available to him free of charge. 

Again, we are always improving the design of cages, and welcome the opportunity of 
basing new designs on the actual requirements of machinery now being planned. 

In this country we pioneered the use of non-metallic cages for high-speed running, and 
now of course they are specified for all kinds of engineering. 

Then there is bearing lubrication, on which our Technical Department are always ready 
to advise the designer...and detailed recommendations on shaft and housing tolerances 
... comprehensive facts and figures on stress and bearing life... full analytical reports 
on the causes of premature bearing failure... 

In these and many other ways, Ransome and Marles provide a valuable service for the 
designer, a service which will produce better results in the machinery of tomorrow 


RANSOME & MARLES BEARING CO. LTD.\ 


Newark-on-Trent England 
Telephone: Newark 456 Telex 37-306 





all lined up and 





moulded brake 


fitted as standard equipment b: 
A.C.V. LIMITED : ALBION MOTORS LTT 
THE AUSTIN MOTOR CO. LT 


BRISTOL COMMERCIAL VEHICLES LT 


ele) bya iti ouge):) LODEKKA 


os a on es oe ASBESTOS COMPANY LinMivtTts@ 


and at MANCHESTER: National Buildings, St. Mary's Parsonage, Manchester 3, Tel: Deansgate 6016-7-8; GLASGOW: 217 Bothwell Street, Glasgow C.2, Tel: Central 


Newcastle: 19-20, Exchange Buildings, Newcastle, Te!: Newcastle 20488 
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ready to 





linings 


OMMER CARS LTD * FODENS LTD 
EYLAND MOTORS LTD - LONDON TRANSPORT 
SCAMMELL LORRIES LTD 


RANSPORT VEHICLES (DAIMLER) LTD 


Rees, 
RELIANCE  SUPERPOISE 


216 PARK STREET 


MINGHAM : 11 Waterloo Street, Birmingham 2. Tel: Midland 6565-6-7 
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TESTS SHOW 
SUPERIORITY OF 
SPECIAL PAPER ELEMENT 
USED IN C.A.V. ‘F’ TYPE 
FUEL FILTER 


























Dust particles of any size carried in diesel fuel 

cause wear of injection equipment, but for a given 
weight of abrasive the wear is initially more rapid 
the smaller the particle size. The most damaging size 
of particle lies in the 6 to 12 micron range. 
Laboratory tests on the particle transmission of various 
filters were made, using specially prepared and 
graded dusts. The graph shows the specially treated 
paper used for the C.A.V. type ‘F’ filter to be 

by far the most effective material. 

Further tests showed that the life of pump 
elements was increased by as much as 

6 times over that obtained with a cloth filter. 





























20 
MEAN PARTICLE DIAMETER , MICRON 


The photomicrographs show fuel before filtering, 
after passing through a block felt filter, and after 
filtration through a C.A.V. paper element filter. 





(1) Photomicrograph 
(x 100) of fuel contain- 
ing dust and dirt, before 


CLEAN FUEL 
filtration. 

















(2) The same fuel as 
in (1) after passing 
through a block felt 
filter. 








DIRTY FUEL 








same fuel as 
after passing 
through a C.A.V. paper 


ji] 
“ —_" element filter. 
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Seat being fitted into ’Bus interior 






HAVE YOU A NEED SIMILAR TO THIS? 















—it is an idea to capture the imagination of engineers, faced 
with the difficulty of instant and rigid attachability. The 
GRIP follows, in good tradition, the ten-year-old BOLLARD of 
which hundreds of thousands are in constant use. 

The ‘‘Flexilant” Grip makes anything to which it is fixed, 
instantly and automatically attachable, detachable and replace- 
able. It is rigid and firm—self-placing and hygienic. It is 
simple, inexpensive and as long-lasting as the part to which it 
is fitted. Here is an example of its use—have you a similar need? 









THE “Flexilant”’ bie can help your fixing problems 


PROV. PAT. NO. 16783/55 







AB94 





RUBBER BONDERS LIMITED DUNSTABLE - BEDFORDSHIRE -. ENGLAND 
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The Control and Technique 
developed for the production of 
High Duty Iron Castings 
by the Darcast Foundries 
is ready to meet developments 


of the Motor Industry. 


AUTOMATIC GEARBOX CASE (COURTESY OF ROLLS-ROYCE LTD) 


BRAKE DISC (COURTESY OF DUNLOP RIM & WHEEL CO LTD) 


COMPOSITE SiEEL & CAST IRON BRAKE DRUM 
(COURTESY OF VAUXHAL 


DARTMOUTH AUTO CASTINGS LIMITED 


SPECIALISTS IN HIGH DUTY IRON CASTINGS FOR THE MOTOR INDUSTRY 


/ a. 
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In 1920 the history of anti-friction bearings 
culminated in the demonstration of the self-aligning 
roller bearing with spherical outer track and 
barrel-shaped rollers. 

This was pioneered by the SCF organisation, by now 
world-wide in scope. The Skefko Ball Bearing Company 
Limited, with one of the world’s most modern plants for 

the manufacture of anti-friction bearings, is the only 
sritish manufacturer of all four basic bearing types 


the ball, cylindrical roller, taper roller and spherical. 


SKE THE SKEFKO BALL BEARING COMPANY LIMITED - LUTON - BEDS 
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Scientists, ‘Technologists, Technicians 


Recenrty, and not for the first time, we heard it 
said that the British automobile industry is an industry of 
technicians rather than one of scientists and technologists. 
The remark was expressly aimed at the chassis manufac- 
turers. If it be true, the technicians have much of which 
they may be proud. Nevertheless, it is worth while 
considering how far this pejorative statement is correct 
and what steps, if any, should be taken to alter the situation. 

Unfortunately the terms scientist, technologist and 
technician do not have the same meanings for all people. 
For instance, whereas some would class all science gradu- 
ates as scientists, others would define the word much more 
narrowly and confine its application only to those engaged 
in fundamental research. It is even more difficult to make a 
clear definition between the technologist and the technician. 
It may help to develop the argument if we make clear the 
meaning applied to the words in this context. 

By scientist we mean a man who is competent to under- 
take research, either pure or applied. Such a person will, 
of course, be engaged on long-term projects rather than on 
day-to-day developments. For this a high standard of 
academic training is necessary. Over a very wide field, 
this class of work is best dealt with by some form of co- 
operative research of the type carried out by M.I.R.A. 
for the automobile industry. Despite the very valuable 
work that has been, and’ is being, done by M.I.R.A., there 
is still need for research by individual companies, but the 
available evidence suggests that chassis manufacturers are 
not so successful as other industries in attracting the right 
type of entrant. There is, of course, tremendous competi- 
tion for scientists, and while the automobile industry can 
compete on equal terms so far as monetary rewards are 
concerned, it cannot offer such exciting projects as may be 
found in the newer fields such as atomic energy and guided 
missiles. 

In many respects, the technologist is of greater immediate 
importance than the scientist. He, it is, who will be 
responsible for applying scientific developments, whether 
in design or in processes. Once again, a high standard 
of academic training is very desirable. Although the 
technologist may not be competent to initiate and 
carry through a research programme, he must be fully 
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able to understand the results achieved by the scientist. 

A great majority of science graduates are technologists 
rather than scientists. Their degrees show abilities of the 
order required to obtain the recently instituted Diploma of 
Technology. The graduate will not be as immediately 
useful to the industry as the man with the Dip. Tech., 
but since his academic training has covered a wider field, 
he can bring fresh viewpoints. It will be for the good of 
the industry if graduates are encouraged to undertake 
technological work. It is unfortunate that men with degrees 
seldom opt for work on the production side; almost without 
exception they choose design. This applies much more 
strongly in Great Britain than it does in the United States 
of America or in Germany. Here it is insufficiently 
understood that the production side of industry has 
problems that call for as clear analytical thinking as is 
required on the design side. 

It is certain that most production technologists will be 
drawn from holders of Dip. Tech. but it would be a good 
thing if more graduates could be encouraged to turn their 
talents to the factory floor rather than to the drawing office 
or laboratory. Some universities are already trying to 
inculcate this idea. It will be interesting to see what 
success they have. 

What the speaker quoted in the opening paragraph 
meant by technicians was not explained. In this category 
we should include draughtsmen, planning engineers, and 
the like. As the technologist translates the scientist’s 
results into something industrially applicable, so the 
technicians translate the technologist’s conception into a 
definite design or process. 

In our opinion the case for a great deal more fundamental 
individual research within the industry is not very strong. 
In addition to the work carried out by M.I.R.A., there 
are such organizations as the Ricardo Laboratories, the 
Weslake Laboratories and the Fulmer Research Institute 
for sponsored projects. A full use of these, and similar, 
organizations will probably be of greater benefit to the 
industry than an attempt by each individual firm to extend 
its facilities for long-term research. What is required is 
an increase in the number of technologists competent to 
apply scientific developments. 















Reenault Frégate Chassis 


road-holding qualities are an outstanding feature 
of the Renault Frégate. They have been obtained by the 
employment of independent rear suspension, in conjunction 
with a conventional double transverse link type front sus- 
pension system. There can be little doubt that independent 
rear suspension has come to stay in France, since motorists 
there have now grown accustomed to it and are unlikely to 
accept anything inferior for this type of car. The fact that 
smaller models, such as the Dauphine and other well known 
Continental cars, also have independent rear suspension 
makes it even more obvious that models to be introduced 
later by this and other companies will retain the independent 
rear suspension feature. In a country where most towns 
have pavé road surfaces, it is not surprising that in road 
vehicle design more emphasis is placed on suspension than 
is the case, for example, in Great Britain and America, 
where good tar macadam surfaces are the general rule in the 
towns, as well as on the long distance routes used by inter- 
city traffic. 

When the Renault Frégate design was conceived, the 
manufacturers realized that its good road-holding qualities 
would inevitably lead to higher speeds and that its braking 
capacity would, therefore, have to be correspondingly good. 
All these features added to the cost of the vehicle, but the 
overall result was so good that the demand has been main- 
tained at a high level over a long period and, by virtue of 
the large quantities produced, it has been possible to offset 
the cost of the refinements that were introduced into the 
design. 

An unusually long wheelbase, 9 ft 2} in, has been adopted. 
It is of interest to compare this dimension with that of some 
other cars of similar size. The wheelbase of its closest rival, 
the Ford Versailles, is 8 ft 6 in; that of some of the British 
cars is as follows: Standard Vanguard III 8 ft 6in, and 
Vanguard II 7ft 10in; Austin A70 8 ft 3in, and A95 


Among the noteworthy features of the Renault Frégate is the fact that the rear wings can be readily removed for the repair of accidental damage 


Part I: Transmission—A Description of the Design and Some Comments on its Development 






8 ft 93 in; Daimler Conquest 8 ft 8 in; Rover 60 9 ft 3 in; 
Vauxhall Velox 8 ft 7 in; the latest Ford Zephyr 8 ft 11 in; 
and Consul 8 ft 84 in, while the earlier Consul model was 
8 ft 4 in. 

A long wheelbase is desirable, of course, to obtain stability 
and to give as much room as possible for the passengers. 
It is practicable in this car mainly because the final drive 
unit is secured to the vehicle structure instead of oscillating 
with the axle. This feature has made possible the incorpora- 
tion of an intermediate propeller shaft bearing without any 
danger of vibration problems due to variations in the 
angularity of the shafts. Considerable care and thought 
have been devoted to the design of the mounting for the 
intermediate bearing. 

The engine is well forward, and the rear end of its sump is 
shaped to clear the cross member that carries the front 
suspension. By virtue of the forward position of the engine 
and suspension assemblies, and the arrangement of the 
steering rods above the clutch bellhousing, the toeboard 
pressing is only slightly dished locally to clear the gearbox, 
and it is not greatly obstructed by the intrusion of the 
wheel arches. 

In the earlier versions of this model, there was no need for 
a propeller shaft tunnel; this was because of the low propeller 
shaft line obtained by taking the drive from the rear end of the 
layshaft, through the intermediate bearing, to a fixed final 
drive unit. There was, however, a slight bulge in the floor 
over the intermediate bearing assembly. The forward 
portion of the propeller shaft was almost horizontal and the 
axes of the shafts in front and behind it were inclined at 
approximately equal, but opposite, angles to it. When subse- 
quently the decision was taken to employ a gearbox with 
direct instead of overdrive top speed, and the drive therefore 
had to be taken from the rear end of the gearbox mainshaft, 
a small tunnel had to be incorporated in the floor, forward 
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of the intermediate bearing. Also a hypoid axle was substi- 
tuted for the simple, spiral bevel unit, so that a favourable 









transmission line could be obtained. 


The axis of the engine and gearbox is now inclined up- 


wards at an angle of 3 deg 9 min, from the front flexible 
joint, while the forward portion of the propeller shaft is 
inclined at 0 deg 36 min downwards from the horizontal. 
The rear portion of the propeller shaft and the hypoid 
pinion shaft of the final drive unit are in line, and their com- 
mon axis slopes down at an angle of 2 deg 5 min towards 
the intermediate bearing. In the original layout, the engine 
was at the same angle as in the later version, the front portion 
of the propeller shaft was set 1 deg down from the horizontal, 
the rear portion at 2} deg up, and the final drive unit 2} deg 
up. 

A short while ago, it was announced that in 1958 the 
de luxe version of the Frégate, known as the Grand Pavois, 
will be offered with a two-pedal, semi-automatic transmis- 
sion, called Transfluide. This system consists of a hydraulic 
torque converter, a single-dry-plate clutch with electro- 
magnetic control, and a three-speed and reverse synchromesh 
gearbox. 

Some weight saving has been effected by employing a 


Above: Cross bracing behind the rear 
seat squab adds to the torsional 
rigidity of the pressed steel body 


Below : Diagrammatic illustration, show- 
ing the general arrangement of the main 
components of the vehicle structure of 

the Renault Frégate saloon car 





trailing link type rear suspension layout. The links are 
pivoted on to a cross member below the rear seat squab. 
This has enabled a relatively light structure to be used to 
the rear of the squab and cross member, and, of course, the 
coil spfings employed are also much lighter than semi- 
elliptic ones. 

The forward face of the front seat squab is almost exactly 
mid-way between the front and rear wheel axes, while the 
rear seat squab is just forward of the rear wheel arches. 
Thus, the full width of the interior has been made available 
for the passengers, and a good weight distribution obtained. 
In fact, the weight distribution figures are: dry, 699 kg 
front and 507 kg rear; in running order, 720 kg front and 
595 kg rear; fully laden, 860 kg front and 925 kg rear. 

All the mechanical components are arranged more or less 
symmetrically in front of and behind the forward portion 
of the propeller shaft, which has Layrub flexible couplings 
at each end. The mounting of the engine and gearbox 
was described in the article on the Renault 2-1 litre engine, 
published in the September 1957 issue of Automobile 
Engineer. 

Another interesting mounting system is that for the final 
drive unit. The problem with this type of layout is to 
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provide for the reaction of the final drive and input torques, 
as well as for the isolation of the relatively high frequency 
vibrations of the gearing system and the lower frequency 
vibrations transmitted through the propeller shaft to the unit. 
Since the final drive, or output, torque is relatively high, 
the mountings have to be wide apart as viewed in side eleva- 
tion. In this application, the rear mountings are 138 mm 
behind the axis of the differential gears, while the front 
mountings are 750 mm forward of this axis. The wide 
spacing of the mountings enables soft rubbers to be employed 
to cater for vibration absorption. In all, six rubbers are 
used. They are carried on two cross members, four mount- 
ings being fitted on the rear cross member and two on the 
front one. Each mounting comprises two circular rubbers, 
one above and the other below the cross member. They are 
each spigoted into the clearance hole for the bolt that secures 
them. In other words, the arrangement is similar to that 
commonly employed for the attachment of telescopic shock 
absorbers, the rubber spigots ensuring that there is no 
metal-to-metal contact between the bolt and the cross 
member. 

Two brackets carry the front mountings. They are bolted, 
one to each side of the nose piece of the final drive casing, 
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and they extend forwards on each side of the propeller 
shaft. Their front ends are bolted to the cross member 
already mentioned. The rubber mountings are fitted one at 
each end of this cross member and are bolted up to the main 
longitudinal members of the vehicle structure, below the 
main cross member under the rear seat squab. This cross 
member also carries the pivots of the trailing links of the 
rear suspension. 

At the rear, the arrangement is slightly more complicated. 
One pair of rubber mountings is interposed between the 
cross member and lugs extending rearwards from the final 
drive unit, and another pair is fitted between the ends of the 
cross member and the main longitudinal members of the 
vehicle structure. The intermediate pair of mountings, 
which are 180 mm apart, are smaller than the outer pair 
of mountings, which are 435mm apart. The distance 
between the front two mountings is 520 mm. 


Vehicle Structure 

The main components of the underfloor structure are two 
longitudinal, box section members, extending parallel from 
front to rear of the vehicle. They are broken only at the 
cross member under the rear seat squab. In front of this 
cross member, the axes of the longitudinal members are 
520mm apart and behind it they are 435mm apart. 
Throughout the whole of their length they are formed by 
inverted top hat sections, the width of which is 50 mm plus 
the width of the flanges by means of which they are welded 
to the body floor. 

At the front, where they form cantilevers to carry the 
engine and front suspension, the top hat sections are each 
closed by a plate welded on the flanges. This cantilever 
portion is 62:5 mm deep at its front end, becoming 82-5 mm 
under the dash; thence, over a length of 630 mm to the 
point where it joins the cross member just behind the 
intermediate bearing, it tapers to a depth of 45 mm. Between 
the intermediate bearing and the heelboard it increases in 
depth progressively to 57-5 min at the rear. The rearmost 
portion forms a gusset between the heelboard and the boot 
floor. It is 113-5 mm deep at the heelboard and tapers to a 
depth of 25 mm over the rear axle. 

There are, of course, two box section sills, one on each side, 
and a number of cross members. At the extreme front end, 
there is a box section cross member under the radiator. 
Immediately behind it, the engine mounting brackets are 
fitted on the side members. A tubular cross member carries 
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View of the rear end of the body shell, 
showing how the wheel arches and rear 
decking are joined to the underfloor 
structure to add to the strength and 
stiffness of the vehicle and to give a large 
rectangular-shaped boot for the luggage 


the suspension units. It has swan-neck forgings welded on 
each end: these forgings fit under the longitudinal members 
and are each secured by two 14mm diameter bolts, assembled 
from above, through the box section side members. Rein- 
forcement plates are spot welded locally to the inner faces 
of the top and bottom walls of the box sections, and distance 
tubes, through which the bolts pass, are interposed between 
them. These bolts also hold down a thick forged steel angle 
bracket on top of the longitudinal members, the other arm 
of this angle bracket being secured to the vertical part of the 
swan-neck fitting that carries the suspension assembly. 
Further to the rear, each longitudinal member has bolted 
to it a bracket to carry the rear mounting of the engine 
and gearbox unit. 

The remainder of the cross members are under the floor 
of the body, and are of inverted top hat section, welded by 
their flanges to the floor. The front one is under the toe- 
board, but is broken to accommodate the main longitudinal 
members. The centre piece is welded between the longi- 
tudinals and is arched under the propeller shaft, while the 
two outer pieces extend to the body sills. This cross member 
is 80 mm wide, excluding its flanges, and is 145 mm deep 
where it joins the longitudinal members. The cross member 
immediately behind the propeller shaft intermediate bearing 
is 65 mm wide and 80 mm deep at the centre, where it is 
arched under the propeller shaft. 

Under the rear seat squab, there is a box section cross 
member. A stepped, vertical panel supports the rear edge 
of the seat pan, and a vertical closing plate behind it helps 
to support the forward edge of the boot floor. These two 
components form the front and rear walls of the box section. 
The cross member is about 167 mm deep where it carries 
the pivots for the trailing links of the rear suspension and 
the width of its cross section is 70 mm. 

Another large top hat section member is spot welded on 
top of the boot floor between the wheel arches. Its ends are 
shaped to carry the spring pans and the mounting brackets 
for the upper ends of the telescopic shock absorbers. At 
the centre this member is 65mm deep by 100 mm wide, 
excluding its flange. It is of 1} mm thick sheet steel. This 
crosss member, together with that under the rear seat squab, 
takes all the suspension loads. 

Another cross member is formed by a closing plate between 
the lower edge of the outer panel and the rear edge of the 
boot floor. To carry the rear mountings of the final drive 
unit, a small cross member bridges the space between the 
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The illustrations on this page 
show different aspects of the 
body structure, including the 
basic underfloor frame, the 
various mounting points for the 
main mechanical components 
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Box section, cantilever members 
extend forward from under the 
toeboard to carry the front suspen- 
sion cross member and the engine 
mountings. Additional support for 
these members is furnished by 
bracing struts between the scuttle 
and the dash, the wheel valance 
panels, and the front skirt panel 


longitudinal members. All the floor panels are stiffened 
between the cross members by flutes parallel to the longi- 
tudinal axis of the vehicle. This arrangement not only adds 
to the overall rigidity of the structure, but also helps to 
prevent the panels from drumming and thus reduces the 
noise level. 

The frame is integral with and supported by the body 
panelling above it. For example, the wing valances at the 
front are welded to the cantilever members and their forward 
edges are welded to the grille surround panel. Additional 
support for the cantilever members is afforded by two box 
section struts, one on each side, extending between a point 
just forward of the suspension cross member and the scuttle. 
These struts also carry the steering box and idler lever 
assembly. Their width is the same as that of the longitudinal 
members and their depth is 55mm over most of their 
length. They are of top hat section closed by a plate welded 
below their flanges. This plate extends only between the 
lower end and the point where the strut passes over the 
sloping dash panel. Above this point, the flanges of the 
top hat section are spot welded to the dash panel and to the 
scuttle, to spread the load over a large number of welds and 
over a big area of metal. A transverse cross member of 


Front and rear end elevations, showing the general arrangement of the 
engine, final drive unit and suspension. Features of the vehicle that give 
it good road-holding qualities are independent front and rear suspension, 
a wide track and a long wheelbase, and accurate steering geometry 
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triangular section, is formed by the scuttle in the following 
manner. The upper edge of the sloping dash panel is spot 
welded to the edge of the opening for the windscreen, and a 
vertical panel connects the front edge of the scuttle and the 
sloping dash panel. 


Clutch and gearbox 

A Ferodo PKS C13, single-dry-plate clutch transmits the 
drive from the 2:1 litre engine to the gearbox. The diameter 
of the friction plate is 214 mm and the area of the friction 
lining is 5,290 mm?. Coil springs are interposed between 
the hub and the centre plate to absorb shock and vibrations. 
There are nine presser springs, each of which exerts a 
load of 42kg. A graphite thrust bearing is employed, 
except in the export models, which have a ball thrust bearing. 
The movement of the presser plate between its engaged and 
disengaged positions is 11 mm and, to compensate for wear, 
a further 8-5 mm can be obtained by adjustment of the 
control. 

Originally, this vehicle was equipped with a gearbox in 
which the top gear was an overdrive. This layout has now 
been abandoned and a more conventional gearbox with a 
direct drive top gear has been adopted. Both boxes have 





The standard transmission for the Renault Frégate is now a conventional four-speed gearbox, 

giving direct drive in top gear. All four forward gears are equipped with synchronizers, only the 

reverse gear being of the sliding mesh type. For export, a ball thrust bearing is employed instead 
of the carbon type that is shown on the clutch withdrawal lever in this illustration 







































































The gearbox illustrated below is fitted to the earlier versions of the Renault Frégate. It has an overdrive, indirect top gear; the bottom and reverse 
gears are of the sliding mesh type, and the other three are single-helical, constant mesh gears, equipped with synchronizers 
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four forward speeds and one reverse. An accompanying 
illustration shows the layout of the older type of gearbox. 

A noteworthy feature of the original box is its compactness; 
the overall length of the casing, including the rear cover, is 
about 10} in. Also, since the gears are all indirect and the 
propeller shaft is, therefore, connected to the layshaft, there 
is no need for a propeller shaft tunnel in the body floor. 
However, it suffers from the disadvantage that it is more 
noisy in top gear than is the direct drive gearbox. 

In the older box, the top speed gear pair is overhung 
behind the rear bearings. This arrangement has the advan- 
tage that both the top and the third speed gears are as close 
as possible to a shaft support bearing. The provision of 
adequate support for these gears is, of course, important 
not only because they are the two speeds that are most used, 
but also because they are both indirect and therefore, liable 
to be unacceptably noisy if they do not mesh accurately. 

With the new box, the steering column gear shift control 
is still employed, and the selector rods are housed in a cover 
bolted to the side of the box. This selector rod assembly 
is forward of the toeboard and, therefore, does not encroach 
upon the space for the feet of the driver and the front 
passenger. The overall width of the casting is 210 mm, 
which is about 8} in. Its length between the centres of the 
front and rear bearings is 222mm, approximately 8} in. 
It might be assumed from this latter figure that the new box 
is shorter than the old one; however, this is not so, because 
the length between the forward face of the front wall and the 
rear face of the housing for the tail-end seal is 273 mm, 10}in. 

Since the earlier gearbox is not now in production, the 
description that follows will be confined to the new one. 
An iron casting forms the integral gearbox and bellhousing. 
A bolted-on cover retains the two bearings at that end of the 
box, and houses the Paulstra No. 40200 IE lip type oil seal. 
This cover also incorporates two lugs to carry the clutch 
withdrawal lever. At the rear, another cover retains the tail 
end bearings, houses a Paulstra No. 19800 IIL oil seal, and 
carries the two rear mountings of the engine and gearbox 
assembly. 

The only other cover is that on the left-hand side, which 
houses the selector rods. Both the front and rear covers are 
of aluminium alloy, while that on the side is of cast iron; 
their joint faces are sealed with Pate Lowac or Perfect Seal 
fluid. The fact that the whole of the gear and selector 
mechanism can be made accessible for servicing simply by 
removing the one cover at the side is a good feature of this unit. 

The primary shaft, which is of 38C4h specification of the 
French Standard PN R 971-01 (BNA448), extends forwards 
in the usual manner to carry the centre plate of the clutch. 
Its front end is 17 mm diameter where it spigots into the 
ball bearing in the tail end of the crankshaft and flywheel 
assembly. The splines that carry the hub of the centre plate 
of the clutch are 25mm overall diameter and their root 
diameter is 21 mm. Behind the splines the shaft is 20 mm 


diameter, where it passes through the withdrawal bearing, 
and it is increased to 30 mm diameter where the lip type oil 
seal bears on it. A roller bearing, 35 mm inside diameter x 
80 mm outside diameter, is retained between a circlip in a 
groove round the shaft and the primary gear, which has 
19 teeth. 

Formed on the rear end of the gear are the synchronizer 
cone, the mean diameter of which is 49 mm, and the toothed 
ring of the synchronizer clutch. This end of the gear is 
counterbored 26-2 mm to receive the needle roller bearings 
that carry the 20:2 mm spigot end of the mainshaft. A radial 
hole is drilled to join an extension of the counterbore, and 
breaks out into the space between the front seal and the ball 
bearing. Another hole is drilled from the root of the primary 
gear teeth into the housing for the needle rollers. Oil forced 
from between the primary gear teeth, through the radial hole, 
into the needle roller bearing, can pass out in two directions: it 
can come rearwards through the synchronizer assembly, or 
forwards and out through the radial hole drilled from the 
counterbore to the space between the seal and bearing. 
A hole is cored in the front wall of the box above the main 
ball bearing and oil splashed from the gears can pass through 
this hole into the space between the front cover and the 
bearings. Some of this oil also finds its way through the 
radial hole in the shaft into the counterbore that houses the 
needle roller bearings; the remainder passes through the two 
ball bearings that carry the primary shaft and the front end 
of the layshaft. 

A Borg Warner type synchromesh arrangement has been 
adopted. The 35 teeth of the reverse gear are machined on 
the periphery of the internally-splined, 38C4h chrome 
manganese steel sleeve of the synchro unit for top and third 
speeds. Both synchro units are of conventional design, and 
are similar to those employed on a number of other vehicles, 
among which is the Humber Super Snipe, described fully 
in the July 1953 issue of Automobile Engineer. The central 
members of the synchronizers are of the same material as 
the sleeves, but their heat treatment is different; the synchro 
cups are of a material containing 57-60 per cent Cu; 0-35 per 
cent, max, Pb; 0-6-0-9 per cent Si; 2-4 per cent Mn; 1-5-2-0 
per cent Al; 0-25 per cent, max, Fe; and the remainder is 
made up by Sn. 

The synchronizers and gears on the mainshaft are retained 
between a circlip in a groove round the front end of its 
splined portion and a 16NC6h thrust washer interposed 
between the first speed gear and the inner race of the rear 
ball bearing. This thrust washer, together with the inner 
race of the ball bearing, the speedometer gear and the boss 
of the flexible joint, is pulled against a shoulder on the shaft 
by a nut and thick plain washer on the 18 mm diameter 
threaded tail-end. The portion of the shaft that carries the 
speedometer gear, and which is splined to receive the flanged 
boss of the flexible coupling, is 25 mm diameter. The rear 
ball bearing is 30mm inside diameter x72 mm _ outside 


General arrangement of the mechanical components on the earlier version 
of the Renault Frégate equipped with the gearbox having an indirect top 
speed. It is of interest to compare the propeller shaft arrangement with that 
of the later model, in which is the conventional, direct top speed gearbox 
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Two views of the gearbox, showing the arrangement of the controls 
and of the rear mounting for the engine and gearbox unit gf 


diameter, while the portion of the shaft that carries the gears 
and synchronizers is 35 mm diameter. 

Only the first speed gear, which has 35 teeth, is carried on 
needle roller bearings, which run directly in its 41-1 mm 
diameter bore. The second speed gear, with 28 teeth, and 
the third speed gear, with 23 teeth, rotate directly on the 
crowns of the splines. Chamfers are machined on each 
spline to form a lead-in to help the lubricant to pass to the 
bearing surfaces between the crowns of the splines and the 
bores of the gears. This arrangement apparently is perfectly 
satisfactory since, when the gears are rotating on the shaft 
they are, of course, not under load. All the gears are of 
36CD4h, except the primary gear, which is of 34CD4h; both 
these are French Standard specifications for chrome molyb- 
denum steel. 

Distance washers of 16NC6h nickel chrome steel are 
interposed between the second and third speed gears, and 
between the first speed gear and the centre component of the 
synchronizer for first and second speeds. These distance 
washers are internally splined to register with the splines 
on the shaft. They are assembled from the front end and 
slid towards the rear until they reach grooves machined 
round the shaft to receive them. Then they are rotated 
one-sixteenth of a turn, so that their splines are offset 
relative to those on the shaft. Finally, Woodruff keys are 
fitted to lock them in this position. 

The two ball bearings that carry the mainshaft and primary 
shaft assembly are located in the following manner. A groove 
is machined round the periphery of the outer race of each 
to receive a snap ring. The width of the groove is greater 
than the thickness of the snap ring. This is because the outer 
race is pulled by the end cover of the gearbox against the 
snap ring, which in turn is pulled against the end wall of 
the box. Thus, it is necessary to grind to close tolerances 
only one side of the groove. 

As can be seen from the accompanying illustration, the 
oil seals at the front and rear are of a form not commonly 
used by British manufacturers. Although the front seal is 
of a fairly conventional lip type, it does not have a spring 
ring to hold the lip against the shaft. Moreover, its section 
is such that the portion of the lip that bears on the shaft has 
a 90 deg knife-edge. 

The rear seal is entirely different. It has a spring ring 
moulded in the knife-edge portion that bears on the boss of 
the flexible-joint flange. This knife-edge portion is formed 
between the arms of an L-section, one arm of the L fitting 
against the periphery of the housing and the other arm against 
the rear wall of the housing. The end of this latter arm also 
bears on the boss of the flexible-joint flange. Evidently, the 
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function of this arm is to prevent foreign matter from entering, 
while the knife-edge portion of the seal stops the oil from 
passing out. 

It would appear that the advantage of the knife-edge type 
of seal is that the pressures between the seal and the rotating 
component are great because the bearing area is so small; 
this presumably gives more efficient sealing, while at the 
same time, since a large area of rubber is not in contact 
with the shaft, the heat generated locally is not too great, 
because it can be readily conducted away through the metal. 


A one-piece forging, of 36CD4h, is employed for the 


layshaft and its integral gears. The constant-mesh pinion 
has 31 teeth, the reverse pinion 17 teeth, while the pinions 
for third, second and first gears have 27, 22 and 15 teeth 
respectively. The shaft is turned down to 20 mm diameter 
at its ends, which are carried in ball bearings retained 
between the end covers of the gearbox. Between the gears, 
the shaft diameter is 35 mm. For the sake of compactness, 
the axis of the layshaft is not directly below that of the 
mainshaft, but is offset approximately 18 mm to the right- 
hand side of the vertical plane in which the mainshaft axis 
lies. The centre-to-centre spacing of the two shafts is 
69:99 mm. This arrangement enables the reverse idler to 
be positioned with its axis only slightly more than 1 mm 
lower than that of the layshaft and about 28 mm inboard 
of the plane containing the axes of the selector rods. 

The reverse idler spindle is 16mm diameter and is of 
16NC6h. One end is carried in a hole in the front wall of the 
gearbox and the other in a boss formed about mid-way 
between the ends of the box. Location is effected by a 
dowel-ended screw passed radially through the boss and a 
hole in the spindle. A 24 mm long, phosphor bronze bush 
is pressed into the boss of the idler gear, which has 28 teeth. 

All three selector rods are carried horizontally in a single 
vertical plane in the cover on the left-hand side of the box. 
Their forward ends are supported in bosses at the front end 
of the cover and there are three more bosses to support 
them about mid-way between the ends of the cover. These 
latter bosses also house the spring-loaded-ball type locks and 
the plunger type interlocks. An unusual feature of the inter- 
lock mechanism is that the periphery of the plunger in the 
centre rod is slotted parallel to its axis, to receive the end of 
a small peg pressed into a hole at right angles to that which 
houses the plunger. The function of this peg is to prevent 
the plunger from falling out of the hole when the rod is 
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moved to either of the two positions on each side of neutral. 

The top and bottom rods terminate a short distance behind 
these bosses, since their forks all extend into the forward 
part of the box. However, the centre rod is longer, terminat- 
ing at the rear of the cover, where there is another boss to 
support it. The selector fork on this rod, which is for first 
and second speeds, extends into the rear portion of the box, 
while the striker forks, of course, are adjacent to those on 
the other rods in the forward portion of the cover. Some 
economy has been effected by this arrangement, since the 
two shorter rods are only 134mm, about 5} in long, while 
the centre rod alone is the full length of about 188 mm, 
approximately 7} in. 

The striker lever for the forward speeds is splined on to a 
20 mm diameter, 16NC6h, transverse shaft carried in bronze 
bearings in bosses near the top of the cover. Another 
striker lever, for the reverse gear, is spigoted on to the boss 
of the first lever, to which it is welded. This twin-lever 
assembly can be slid axially on the splined shaft to engage 
the appropriate striker forks on the selector rods. Selection 
is effected by rotation of the splined cross shaft and striker 
assembly, by means of a lever retained, by a nut, against 
a flange on the outer end of the shaft. Another lever is splined 
on to the other end of the shaft and is also retained by a nut. 
A detent is formed in the end of this lever and a spring-loaded 
ball registers in it to ensure that the strikers are accurately 
centralized relative to their forks when they are in the neutral 
position. The spring-loaded detent is carried in a thimble 
housing, screwed into the top of the gearbox. This extra 
detent is incorporated because the connection between the 
control on the steering column and the lever assembly is of 
necessity relatively flexible, and although capable of trans- 
mitting the control motion it is not suitable for forcing the 
strikers into misaligned forks. 

Movement of the strikers along the transverse splined shaft 
is effected by two levers pinned on the ends of a short 10 mm 


diameter spindle. This spindle is carried in a phosphor 
bronze bush in a boss in the casting, immediately above the 
strikers. One of the levers is inside the box; on its end is 
riveted a hardened steel peg, which registers in a slot in the 
boss of the striker assembly. The other lever is outside the 
box, and riveted in a hole at its end, is a pin for the connection 
to the steering column control. 

A fairly complex system of levers and links connects the 
steering column control to the gearbox. The control lever 
near the upper end of the steering column is pivoted in a 
small fabricated turret welded radially to the main control 
shaft, the axis of which is set at an angle of 3 deg 7 min to 
that of the steering control column. This shaft is of tubular 
form and its upper end spigots on to a rod carried in a 
bracket clamped to the top of the steering column. A hole 
is drilled diametrically through this rod; it is chamfered and 
receives the spherical end of the control lever. This lever 
is carried, on a tubular pivot pin, between the lugs of a 
small steel casting spigoted into the end of the turret. The 
pin is split longitudinally and, before assembly, is larger than 
the holes in which it fits. This, of course, is an anti-rattle 
measure. Nylon washers are interposed between the lugs 
and the lever not only to obviate rattles, but also to reduce 
the rate of wear. A small cap, of approximately hemispherical 
form, is fitted over the whole assembly to protect it from 
foreign matter and to give it a finished appearance. 

From this description and the illustration, it can be seen 
that when the lever is moved up and down, the turret and 
control shaft assembly rotates about the axis of the shaft, 
and when the lever is moved backwards and forwards, the 
assembly is moved axially. A nylon bush is housed in a 
counterbore in the upper end of the shaft and retained by a 
wire circlip. Lubrication is not required at any of the 
bearings or pivots at this end of the assembly; in fact, only 
one of the other pivots in the control linkage is lubricated. 

Since the steering box is mounted on the outer face of 


A noteworthy feature of the Frégate gearbox is that all the mechanism is accessible when the side cover, carrying the selector rods, is removed 
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one of the two bracing struts, between the dash and the main 
longitudinal members that extend forward to carry the 
engine and suspension, it is a fairly large distance from the 
longitudinal axis of the chassis. This distance, in fact, is 
about 367 mm, and the lower end of the gear shift control 
is about 68 mm inboard of the centre of the flexible coupling 
that connects the steering column to the steering gear. 
A 12mm diameter rod is riveted in the lower end of the 
tubular, gear-control shaft, which is carried by a spherical 
bearing in an aluminium, pressure die-casting bolted to the 
lower end of the dash panel, adjacent to its junction with 
the toeboard. An interesting feature of this bearing is that 
both the spherical portion and the two cup components are 
of nylon. It is assembled into the rear end of the casting and 
retained by a circlip. 

To apply the load necessary to take up the clearance 
between the cup and spherical components, a spring is fitted 
in a counterbore forward of the spherical bearing. A steel 
washer is interposed between the end of this spring and the 
adjacent cup component. The forward end of the spring 
bears on a spherical washer, of Superpolyamide A.P, which 
closes the forward end of the casting that houses the 
assembly. Two mild steel washers, one each side of the 
Superpolyamide one, prevent foreign matter from entering 
the assembly. 

Another coil spring, which is arranged coaxially with the 
first, is interposed between the end of the tubular portion 
of the control shaft and this spherical washer assembly. 
The function of this spring is to ensure that the seal is fully 
effective and to spring-load the control in such a way that 
the hand lever tends to remain in the position for selection 
of either of the top two gears. 

Assembled on to the shaft, immediately in front of the 
spherical washer, is a flanged sleeve made of Superpolyamide 
D. A ring, of flanged channel section, fits in a groove round 
the flange of the sleeve and receives the front end of a rubber 
gaiter, which seals the forward end of the pressure die- 
casting that houses the spherical bearing and spring assembly. 
Another gaiter seals the rear end. Assembled on to the rod, 
immediately in front of the flanged sleeve, is the lever that 
actuates the linkage which imparts axial motion to the 
selector rods in the gearbox. This lever, which is clamped 
to the rod by a cotter pin, is actuated by the rotary motion 
of the control shaft. Although it also moves axially, the 
linkage connecting it to the gearbox is so designed that the 
axial motion is not transmitted to the selector rods. 


Layout of the gear shift controls, and a cross section of the } i 
damper incorporated to prevent the transmission of u 
vibration to the lever on top of the steering column 


Axial motion of the control shaft is transmitted by a flanged 
collar with a peg pressed into a radial hole in the flange. 
A steel washer is interposed between this collar and the 
lever secured to the shaft by the cotter pin, and the whole 
assembly is retained by a coil spring, a dished washer and a 
circlip on the end of the rod. The coil spring fits round the 
collar and is compressed between the flange and the dished 
washer. A rubber sealing ring, of circular section, fits in the 
dished portion of the washer and bears against the end of 
the collar to seal the two bearings that carry the flanged 
collar. These bearings are sintered bronze bushes, of the 
self-lubricating type. Each is 10mm long and the space 
between them is approximately 2 mm. 

The peg that projects from the radial hole in the flange 
registers in a Superpolyamide D bush, housed in a Neoprene 
60 thimble in an eye at one end of a bell crank lever. This 
bell crank lever is pivoted in the pressure die-casting that 
houses the spherical bearing at the lower end of the control 
shaft. A bowed rod connects its other end to the lever on 
the gearbox that moves the striker transversely, for the 
engagement of one or other of the striker forks. The conical 
faced, circular eye-fitting at one end of the rod and the 
flanged bush at the other end are of hard rubber, so that 
lubrication is not required at these points. 

Transmission of the rotary motion of the control shaft is 
effected by a slightly more complex linkage. The lever 
secured by a cotter pin to the shaft on the steering column is 
connected by a tie rod, which incorporates a damper, to a 
bell crank lever pivoted on the clutch housing, whence 
another tie rod transmits the motion down to the operating 
lever on the side of the gearbox. The bell crank lever on the 
clutch housing is carried on two flanged nylon bushes on a 
14mm diameter pin. A grease nipple is provided for the 
lubrication of these bearings. All the pivots at the ends of 
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Steering column and gear shift control. The gear shift 
lever is carried on a split tubular pivot, which is sprung 
into its hole, so that there is no clearance, and therefore 
no rattling. Nylon washers, interposed between the lugs 
and the eye of the lever, also help to prevent rattles from 
developing as a result of wear after extensive service 


the tie rods are equipped with fairly hard rubber bushes and 
therefore do not require lubrication. 

Of particular interest is the damper in the approximately 
horizontal link between the lower end of the control shaft 
and the bell crank lever on the clutch housing. It comprises 
a cylindrical housing, one end of which is closed by a screwed- 
in adaptor to receive the threaded end of the portion of the 
tie rod attached to the bell crank lever. A lock nut is tightened 
against this end. The other end of the cylindrical housing 
is lipped internally to retain a rubber bush, 9 mm long » 
73 mm inside diameter and 14 mm outside diameter. This 
bush acts as a seal round the portion of the rod attached to 
the lever on the control shaft, and it retains the engine oil, 
which is introduced to lubricate the unit. 

There are two steel sleeves pinned to this portion of the 
rod, one immediately in front of the rubber seal and the other 
at the extreme end of the rod, where it projects into the 
damper. These sleeves are 26 mm apart. Between the rubber 
bush and the sleeve on the end of the rod is a shouldered 
sleeve that limits the axial motion of the rod in the damper. 
A light coil spring, in compression between the shoulder 
and the rubber bush, retains the rod at the mean position 
of its travel in the damper. Pulling in the opposite direction 
is a tension spring; one end of this spring is secured to the 
pin by. means of which the rod is attached to the lever on 
the control shaft, and the other end is hooked into an eye 
in a lug on the vehicle structure. The function of this damper, 
which has a total stroke of approximately 2mm, is to 
prevent the transmission of small amplitude vibrations from 
the engine and gearbox assembly to the control lever on the 
steering column. Since the rod is approximately horizontal, 
the large amplitude vibrations, due to vertical motion of the 
engine and gearbox assembly, are not transmitted along it. 

The Transfluide transmission which, as has already been 
mentioned, is to be offered shortly as an optional extra on 
the Grand Pavois model, comprises well proved components. 
From the engine, the drive is transmitted through a single- 
stage torque converter, the reaction member being mounted 
on a free-wheel on the output shaft. This torque converter 
is supplied with oil from the engine lubrication system. The 
oil passes through a filter mounted on the engine and thence 
is piped to the rear of the converter, where it enters the 
chamber at a point between the impeller and reaction 
members. Oil leaves the converter through a hole drilled 
axially from the forward end of the output shaft, in which is 
incorporated a non-return valve; it is, of course, discharged 
into the engine sump. The maximum torque multiplication 
ratio obtained from the converter is 2:3: 1. 

From the converter, the drive is taken through an electro- 
magnetic clutch of the single-dry-plate type. This clutch is 
disengaged only when the gear shift control lever is moved 
to effect changes in gear ratio. The gear lever incorporates 
an electrical switch, which is normally open, but is closed 
when the lever is being moved. Closure of the switch 
completes a circuit to disengage the clutch magnetically. 

Behind the clutch is a conventional gearbox, giving three 
forward ratios and one reverse. Single-helical, constant 
mesh pinions and gears are employed throughout, and each 
of the three forward gears is equipped with a synchromesh 
mechanism. Because of the interposition of the hydraulic 
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converter between the engine and the clutch, the torque 
transmitted through the box may be more than double the 
engine torque. Therefore, the gear assembly, as well as the 
clutch, are of heavier proportions than would be required 
in a more conventional transmission. 

It is not intended that frequent gear changes should be 
made: the top, or direct speed, is designed for motoring on 
the open road, second speed is for driving in mountains and 
overtaking on hills, while the first gear is designed to meet 
special requirements, such as for restarting on steep hills, 
slow-speed manoeuvring, and possibly engine braking. In 
each gear, the converter gives torque multiplication, within 
its range, according to the load; it also provides for engine 
braking in the over-run condition. 

For starting from rest, top gear is normally engaged. 
Therefore, the overall ratio initially is that of the rear axle, 
3-89 : 1, multiplied by the maximum ratio of the converter, 
which is 2:3:1. This gives an overall ratio of 8-95: 1. 
As a steady speed condition is approached, the torque 
converter ratio changes progressively towards unity. It is 
claimed that when the converter is fully coupled, the trans- 
mission efficiency is 97 per cent. The overall ratios in the 
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other gears are: second, between 6-30: 
first, between 8-87: 1 and 20-40: 1; while the reverse gear 
range is between 9-80: 1 and 22-54: 1. 

The six positions for the gear selector lever are: park, 
reverse, first, neutral, second, and top. They are indicated 
respectively on a quadrant above the steering column by the 
following letters: P, R, E, N, M, and VR. In the parking 
position, a transmission lock is brought into operation. 

To offset to some extent the losses inherent in a torque 
converter type transmission, the power output of the engine 
has been increased to 80-3 b.h.p. at 4,000 r.p.m. This has 
been done by increasing the compression ratio to 7:5: 1. 
To take advantage of the torque converter characteristics, 
the engine torque curve has also been modified, now peaking 
at 2,500 r.p.m. The maximum torque is 124-3 lb-ft. 

There can be little doubt that an electro-magnetic clutch 
offers a relatively simple solution to the problem of designing 
semi-automatic and fully automatic transmissions without 
appreciable loss in overall efficiency. However, many motor 
manufacturers consider that the friction facings in this type 
of clutch, used alone, can hardly be expected to be satis- 
factory in automatic transmissions, in view of the slip that 
would be inevitable during gear changes and take-up from 
rest. The employment by Renault of a torque converter 
obviates difficulties due to overheating and wear of the clutch 
facings; it smooths out gear changes and take-up from rest; 
and, because of the range of torque conversion obtained, it 
enables a relatively simple gear shift control system to be 
adopted. 


Propeller shaft 

As has already been stated, the propeller shaft is in two 
pieces. The front portion is 875 mm long and the other is 
1,075 mm long, both measured between the centres of the 
flexible joints. They are each 45mm outside diameter. 


Layrub flexible joints are employed and all are of identical 
design. Each comprises a pair of two-armed spiders, between 
which is a flexible centre-plate assembly. One of the spiders 
of each joint incorporates a central spigot, which registers 
in a socket on the other, to provide accurate radial location. 


1 and 14-49: 1;,, A thick rubber sleeve is fitted over the stem of the spigot 


and bears against the end of the socket to seal the assembly 
against the entry of abrasive matter. A ball end, 174 mm 
diameter, is formed on the spigot to allow for slight angular 
misalignment. The centre-plate assembly comprises two 
steel discs with two cup-shaped depressions pressed into 
each, and they are assembled together with their cupped 
portions opposite one another to form the housings for the 
rubber bushes, which are the flexible elements of the drive. 
There is a flanged hole in the centre of each plate to clear 
the spigot and socket assembly. 

A sliding joint is incorporated at the front end of the rear 
portion of the propeller shaft. The effective length of 
engagement of the splines is about 55 mm and the overall 
diameter of the splined portion of the centre component is 
25mm. Two rectangular section seals are housed in a 
pressed steel cap assembled over the end of the outer 
component. The rearmost seal is of rubber to retain the 
lubricant, while the forward seal is of felt to keep out abrasive 
matter. Both seals, of course, bear on the shank on the 
centre component of the sliding joint, just forward of the 
splined portion. The front end of this shank is splined to 
receive the flexible joint in front of the intermediate bearing. 

This intermediate bearing assembly comprises a single 
roller bearing in a cylindrical housing, the front and rear 
ends of which are closed by lip-type oil seals. The front seal 
is assembled into the cylindrical housing from the rear and is 
retained by an inwardly-turned lip at the forward end of the 
housing. Behind it, the outer race of the ball bearing is 
free to float axially in the housing. The rear oil seal, which is 
assembled last of all, is retained by a plate bolted to the end 
face of the housing. The inner race of the ball bearing is 
clamped between the boss of the flexible joint and a shoulder 
on the shank. A grease nipple is screwed into the base of 
the housing, in such a position that the lubricant is injected 
into the space between the rear seal and the ball bearing. 
Thence it flows not only into the ball bearing but also through 
a hole drilled diametrically through the shank and into an 
axial hole drilled from the rear end of the shank, where it is 
sealed by a screwed-in plug. From this axial hole, the 


A sketch, showing the general arrangement of the Transfluide trans- 
mission system, which incorporates a torque converter, a magnetically- 
actuated clutch and a conventional three-speed and reverse gearbox 
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lubricant passes through another diametrically-drilled hole 
to the splines of the sliding joint. 

Considerable pains have been taken to prevent the 
transmission of vibration from the intermediate bearing to 
the vehicle structure. Two lugs extend laterally from each 
side of the cylindrical housing. The pair on one side are 
horizontal, while that on the other side are vertical. Each 
pair projects between the arms of a channel section bracket, 
and rectangular section rubbers are interposed between the 
lugs and the arms of the brackets. This assembly not only 
damps out high frequency vibrations, but also enables the 
bearing housing to align itself automatically relative to the 
axis of the drive shaft. 

Both brackets are bolted on top of a single-leaf spring, 
mounted transversely between the main longitudinal members 
of the vehicle underfloor structure. This spring is of 45S8e, 
a steel listed in the French Standard NF PN R 971-01 
(BNA 448). It is 6 mm thick x 20 mm wide, and the distance 
between the centres of its supports is 500 mm. The function 
of this spring is to absorb vertical vibratory forces. 

Each end support comprises a bolt assembled vertically 
through the longitudinal member of the underfloor structure 
and two circular section rubbers, one above and the other 
below the spring end, a tubular distance piece and two dished 
retainer washers, one above and the other below the rubbers. 
A nut is tightened against the lower retainer washer to 
compress the rubbers, the amount of compression being 
fixed by the distance tube round the shank of the bolt. The 
hole in the leaf spring, through which the bolt passes, is of 
large diameter and the rubbers are spigoted into it to prevent 
metal-to-metal contact between the tube and the spring. 


Final drive 
On the earlier versions of the Frégate, a large cover on one 
side of the spiral-bevel differential casing housed one of the 
two bearings that carried the differential cage, while the other 
was in a housing in the casing. The latest models, however, 
which have a hypoid type final drive unit with a pinion offset 
of 28-575 mm, have two small covers, one on each side, to 
retain the bearings in their housings in the casing; also, there 
is a large cover bolted to the rear of the unit to give access 
to the gears. This represents an advance in design, because 
the whole gear assembly is now carried by a one-piece rigid 
casting. Moreover, the centres of the taper rollers of the 
bearings are now 173 mm instead of 153 mm apart. This 
wide spacing of the bearings has enabled stiffer differential 
gears to be employed and a one-piece instead of a two-piece 
cage to be used. 
At the front end of the unit, the 20NC6h nickel chrome 
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Vibration-isolation measures for the propeller shaft bearing 


steel hypoid pinion shaft is extended to form a ball-ended 
spigot to centralize the flexible coupling. Immediately 
behind this spigot, the shaft is threaded 18 mm diameter 
for the nut that retains the coupling flange for the universal 
joint, and the bearing assembly. This nut has an integral 
sleeve extension, which is peaned locally into a longitudinal 
slot in the threaded portion of the shaft, to lock it after 
assembly. The nut is pulled against a thick washer, which 
in turn bears against the boss of the flange splined on to 
the 30 mm diameter portion of the hypoid pinion shaft. 

A lip-type oil seal, housed in the front end of the cast iron 
differential casing bears on the periphery of this boss. Like 
the two seals on each side of the differential gear assembly, 
it is unusual in that it is moulded with two lips bearing on 
the boss, one facing outwards to keep out water and abrasive 
matter and the other facing inwards to retain the lubricant. 
These lips are so designed that they make only line-contact 
round the boss, so that the pressure between the sealing 
faces is higher, while at the same time friction is lower and 
there is less heat to be conducted away. Interposed between 
the boss of the flexible joint and the inner race of the adjacent 
taper roller bearing is a large diameter thrower disc, which 
prevents oil from being flung in large quantities on to the 
seal. This is necessary because of the slope of the unit. 

The two taper roller bearings that carry the hypoid pinion 


Engine oil is employed in the Transfluide torque converter, and the inlet 
and outlet ducts, which are shown dotted in this illustration, are respec- 
tively above and below the rear bali bearing, which is between two seals 
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The top two illustrations are of the /atest final drive unit, 
while the lower one shows the earlier arrangement 
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are clamped between the thrower disc and the pinion. They 
are separated by a tubular distance piece and a washer used 
to adjust the preload on the bearings. This preload is such 
that the torque required to turn the shaft, with neither the 
oil seal nor the crown wheel in position, is 0:180-0-280 m-kg. 
The axial position of the pinion is regulated by another 
distance washer between it and the inner race of the rear 
bearing. Both outer races abut against shoulders in the 
nose piece of the casting. The centres of the rollers are 
approximately 66mm apart. Their dimensions are: front 
bearing, inner race 30 mm inside diameter 28-75 mm long; 
outer race 72 mm diameter: rear bearing, inner race 35 mm 
inside diameter x 32-75 mm long; outer race 80 mm diameter. 

The 186mm diameter, 16NC6h, nickel chrome steel 
crown wheel is spigoted on to the flanged one-piece differen- 
tial cage in the usual manner. It is retained by eight 10 mm 
diameter set bolts. Two taper roller bearings carry the cage. 
Their inner races are 50 mm inside diameter x 21:75 mm 
long and their outer races are 90 mm outside diameter. The 
preload on these bearings is adjusted by shims between the 
inner races and shoulders on the cage, while the meshing of 
the crown wheel and pinion is regulated by shims between 
the outer races and the plates that are bolted to the outer 
faces of the casing to retain the bearings. These plates also 
house the double-lip seals that bear on the bosses of the 
flanges for the universal joints at the inner end of the swinging 
half shafts. 

There are a number of unconventional features in the 
differential pinion and gear assembly. A 16 mm diameter, 
16NC6h differential pinion spindle is employed. Assembled 
on it are two phosphor bronze spherical thrust washers, and 
the two 16NC6h differential pinions of about 50mm 
diameter, with an XC10f mild steel distance sleeve between 
them. The whole assembly is retained by a tube in a 6 mm 
diameter hole drilled diametrically through the centre of the 
pin. This tube is split along the whole of its length and in 
the free condition is larger in diameter than the hole into 
which it is sprung. Its ends project into larger diameter 
holes in the distance sleeve. Flats are machined diametrically 
opposite one another on the periphery of the distance sleeve. 
These flats are parallel to the axis of the split retainer tube. 
They form abutment faces for the inner ends of the differen- 
tial gear assemblies. 

The differential gears are of 16NC6h and are 74mm 
overall diameter. Each is splined on to the flange for the 
universal joint at the inner end of the swinging half shaft, 
and is retained by a special nut and a 12 mm diameter bolt 
passed from the outer end, through an axial hole in the boss 
of the flange. The nut, which is also of 16NC6h, is spigoted 
into a counterbore in the inner end-face of the gear. It is 
prevented from rotating by a peg passed through a hole, 
near the periphery of the nut, to project between a pair of 
splines in the gear. The inner face of this nut abuts against 
the adjacent flat on the distance sleeve between the differential 
pinions. When the bolt and special nut are tightened, the 
differential gear is pulled against a distance sleeve, which 
abuts against a shoulder on the boss of the flange for the 
universal joint. An interesting feature of this assembly is 
that the flat thrust washer between the differential gear and 
the cage is of Bakelite plastics material, which is perfectly 
satisfactory because there is no problem with regard to heat 
dissipation from the bearing surfaces. 

Since the location of the road wheel assembly is effected 
entirely by the suspension, the swinging half shafts transmit 
only the driving torque. Each shaft comprises a 151 mm 
outside diameter «147 mm inside diameter tube, into one 
end of which is spigoted the Glaenser-Spicer, needle roller 
type, universal joint connecting it to the differential unit, 
and into the other end the centre component of the sliding 
joint. These two end fittings are welded in position. The 
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Final drive unit sectioned to show the gears and their bearings 


sleeve component of the sliding joint is integral with one 
pair of arms of the universal joint. Between these arms, a 
domed washer seals the outer end of the sleeve of the sliding 
joint. A 2mm diameter hole in the centre of the washer 
prevents it from being forced out by the pumping action. 
A seal, in a cupped housing screwed on the other end of the 
sleeve, bears on the inner component of the sliding joint. 
The splines of the inner component are about 70 mm long 
and a 21 mm long groove is machined round them, mid-way 
between their ends, to form a reservoir for the grease, which 
is inserted through a nipple screwed radially into the sleeve 
component. 

Both universal joints are the same size. The rollers are 
10 mm long, their outer races are 21 mm inside diameter 
and their inner races 17 mm outside diameter. The outer 
races are of thimble form, their closed ends being outermost 
to retain the lubricant. A small felt seal is fitted between the 
spider and the inner end of each of these outer races. 
Measured between the centres of the universal joints, the 
length of each swinging half shaft is about 463 mm. Its 
angular movement is +7 deg from the mean position, which 
in the laden condition is inclined 1 deg up from horizontal. 
Since the axes of the differential gears and the stub axles are 
parallel, there is no change in velocity as the wheels rise and fall. 

The general arrangement of the wheel hubs will be shown 
in an illustration in Part II of this article. One end of the 
42CD4h, selected chrome molybdenum steel stub axle is 
forked to form the spider that carries the two needle roller 
bearings of the universal joint, while the other is splined to 
carry the driving flange. This flange, together with the 
bearing assembly in the wheel hub, is pulled on to the stub 
axle by a nut on the 20 mm diameter threaded outer end. 
The driving flange is centralized by a conical washer inter- 
posed between it and the nut. 

Both the ball bearings that carry the stub axle in the hub 
are 31 mm inside diameter, but the outer race of the inboard 
bearing is 72mm diameter, while that of the outboard 
bearing is 62 mm diameter. Their centres are approximately 
60 mm apart. Axial location of the stub axle and bearing 
assembly is effected by a flanged plate, which is spigoted 
into the inner end of the hub to pull the outer race of the 
inboard bearing against a shoulder in its housing. The outer 
race of the outboard bearing is not positively located axially 
in its housing. 

An oil seal with a line-contact type lip, as previously 
described, is fitted in each end of the hub assembly. In 
addition, a rubber sealing ring is interposed between the hub 
and the flanged spigot that retains the outer race of the 
inboard bearing. Should any lubricant escape past the 
outboard seal, it is caught in a dished steel trap secured, 
together with the brake drum, to the wheel driving flange. 
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CRANKSHAFT GRINDING 


New Developments in Newall Machines and Techniques 


Unrn recently the Newall Engineering Co. Ltd., 
Peterborough, marketed only a range of semi-automatic, 
heavy duty crankpin grinders. The original range has now 
been supplemented by the development of two new models, 
both based on the model HAC machines. The first of these, 
designated the U/HAC, was initially designed for an 
American customer. It is a heavy duty universal machine 
with 28 in swing, and the maximum and minimum distances 
between the faces of the workhead and tailstock spindle 
flanges are 84in and 36in. This machine is designed for 
re-grinding or grinding on a production basis both main 
journals and crankpins. It incorporates a fully automatic 
grinding cycle by hydraulic and electric power. 

Both workheads are driven by a common drive-shaft from 
a 5h.p., 960 r.p.m. motor. This arrangement eliminates 
several disadvantages that may be encountered when a 
loose headstock drive is transmitted by the workpiece, and 
it also ensures accurate radial positioning of the crankpins. 
A seven-speed gearbox provides work speed of 35, 41, 47, 
52, 58, 64, and 72 r.p.m., to cover all normal requirements 
for crankshaft work. The right hand workhead provides 
for lateral adjustment of the centre by a hand wheel control 
to facilitate loading during the main journal grinding 
operation. 


Wheelhead 

A heavy-duty spark-splitter type wheelhead is employed. 
It mounts a 42in diameter wheel and has a 6in rapid 
approach. Four automatic variable rates of infeed are 
provided. One is for face grinding and three for diameter 
grinding, the latter giving in effect a diminishing feed. 
A micro-adjusted diamond dresser may be clamped in 
either workhead for dressing a wheel to correct width. In 
addition, a table-mounted radius dressing attachment is 


available for journal grinding, and a dresser bar-mounted 
radius attachment is supplied for crankpin grinding. 

The table traverse is hydraulically operated at steplessly 
variable rates between approximately 3 in and 160 in by a 
single joy-stick control. Automatic positioning of the 
bearing or pin and the grinding wheel is effected by a spacer 
bar and hydraulic plunger located on the front of the machine. 
Separate spacer bars for crankpin and journal grinding are 
supplied as standard equipment to suit customers’ require- 
ments. Both throw blocks are easily detachable from the 
work spindle flanges to facilitate change over from crankpin 
to journal grinding. The left-hand member is designed to 
accommodate a dividing plate suitable for the type of 
crankshaft concerned. A Newall electro sizing gauge is 
fitted to determine finished diameter and control the auto- 
matic cycle of the wheelhead. Isolator switches are provided 
to allow wheelhead approach and retraction to be controlled 
manually. 


Automatic cycle 

The automatic grinding cycle is identical for both pins 
and journals. It has the following sequence:—The machine 
table is positioned by a hydraulically operated plunger 
locating in a spacer bar. Forward movement of the joy- 
stick starts the workhead and approachable wheelhead. The 
wheelhead has a quick approach to a predetermined position 
at which the infeed rate slows and the crankweb faces 
are ground. Following this, the infeed rate is again reduced, 
coolant begins to flow and the wheel begins to grind the 
work diameter. The Newall electro sizing gauge is applied 
to the workpiece and feed continues until the work is between 
0-005 in and 0-001 in above the finished diameter. At this 
stage a yet slower or semi-finishing feed comes into operation. 
The final infeed rate comes into operation slightly before 


The Newhall U/HAC universal heavy-duty crankshaft grinding machine 


Automobile Engineer, November 1957 








The Newall A/HAC crankpin grinding machine with special automatic cycle and gauging system 


the finished size is reached, and the electro sizing gauge 
takes control and withdraws the wheelhead immediately 
the correct diameter is established. 


Automatic crankpin grinder 

In addition to the machine described above, the Newall 
Engineering Co. has recently completed the first of a new 
series of automatic crankpin grinders. This machine, 
model A/HAC, has been developed for large scale production 
of four- or six-cylinder automobile crankshafts. It is 
designed with push-button operation that initiates the 
following cycle:-— 

After the shaft is loaded and clamped in position, the 
start button is pressed to bring the wheelhead forward at 
rapid approach and to start rotation of the shaft. Rapid 
approach continues to a point just clear of the faces to be 
ground. The wheelhead then proceeds to feed in at a pre- 
determined rate until the faces are finished. A further 
roughing feed is then applied automatically until a diameter 
within approximately 0-006 in of finished crankpin size is 
reached. At this point the feed is further retarded, and a 
steady rest comes into position, slowing its rate of approach 
in the final stages to permit a Sigma air sizing gauge to 
locate on the pin. Feed continues until a signal, indicated 
by a light, stops the feed and creates a dwell period. The 
grinding operation ceases on receipt of a further signal, 
transmitted when the finished diameter is reached. Auto- 
matic rapid withdrawal of the wheelhead follows, the steady 
rest and sizing gauge retract to their inoperative positions, 
and work rotation ceases. 

On reaching its rear position, the wheelhead operates a 
control circuit, which indexes the table to a position relative 
to the pin in line with that already ground. On final location 
in the spacing bar, the table locking plunger engages a 
micro-switch to initiate repetition of the grinding cycle. 
After completion of the second crankpin and return of the 
wheelhead, the table returns automatically to the grinding 
position for the first pin in readiness for another shaft to be 
loaded. The automatic cycle can be arrested at any point 
by application of a single push-button. 

Safety interlocks are provided for the following purposes: 
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(a) to prevent the cycle being started until the workpiece is 
clamped; this is effected by a pressure switch incorporated in 
the hydraulic feed line to the clamps. The switch will not 
operate if for any reason hydraulic pressure fails: (b) to 
obviate movement of the table unless the workheads are in 
the correct rotational position; a cam operating a switch 
mounted on the work spindle performs this function. By 
means of a single rotary switch the entire automatic cycle 
can be disengaged and a set of control buttons for manual 
application during setting up be brought into operation 
simultaneously. These controls are for advancing the 
wheelhead, retracing the wheelhead, and for indexing the 
table to the requirement of the component to be ground. 

In addition to the automatic features and gauging system, 
the machine is provided with a hydraulically operated 
wheelhead-mounted dresser, with three diamonds that 
permit both radii and front face of the wheel to be finish 
dressed in one operation. When this dresser is used, the 
feed advancing the diamond is applied by push-buttons, 
which simultaneously advance the wheelhead and thereby 
compensate for reduction in wheel size. The controls 
for the dresser are duplicated at the rear of the machine for 
use during setting up. A safety device prevents traverse of 
the diamond carriage unless the wheel is in the correct 
position for dressing. To prevent fluctuation in the hydrau- 
lically operated feed rates owing to temperature changes, 
a unit is included in the hydraulic tank to maintain a constant 
ambient temperature. 





Air Suspension Systems 


NE of the outstanding features of the recent Frankfort 

motor show was the wide application of air suspension 
systems to German public service vehicles. In fact, only two 
of the major German manufacturers failed to show public 
service vehicles with air suspension, and these two are 
carrying out development work in this field. This is a de- 
velopment with great possibilities, and because of this, the 
December issue of this journal will include a detailed and 
authoritative article on the German development. 





THE TROJAN SENIOR 


A Diesel-engined |-tonner Now Fitted With Independent Front-Wheel Suspension 


Asour five years ago Trojan Ltd., Purley Way, Croydon, 
Surrey, introduced a diesel-engined 20-cwt commercial 
vehicle which has since been continuously in production. 
For three years no comparable vehicle of this capacity was 
available. It was produced in a number of versions—a 
standard delivery van, a long-wheelbased, large-capacity van, 
a personnel wagon and a pick-up vehicle—as well as in bare 
chassis or chassis and cab form. 

Suspension was on conventional lines with a beam-type 
front axle and half-elliptic springs fitted all round. Per- 
formance on the road was completely satisfactory and the 
vehicle was well established, particularly for delivery duties, 
in a wide variety of industries. The manufacturers, however, 
considered that an improved suspension system would 
enhance the performance of vehicles operated overseas in 
open country or on rough tracks and also in the more remote 
rural areas in Britain where a substantial proportion of 
delivery round mileage may lie over farm roads or off the 
roads. Accordingly, the decision was taken to equip the 
vehicle with independent front-wheel suspension. The 
problem was thoroughly investigated, various schemes were 
projected, and eventually design work was commenced on a 
trailing link type of suspension with a quarter-elliptic spring, 
so arranged as to give, in effect, a parallel-link movement and 
consequently, a negligible variation in castor and camber 
angles. 

Vehicles were fitted with suspensions to this design and 
submitted to rigorous tests by the manufacturer’s develop- 
ment staff and also, under regular service conditions, by 
commercial users. Some development modifications were 
made and the vehicles then underwent prolonged testing 
over pavé and washboard tracks at the Motor Industry Re- 
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search Association proving grounds. The final design is 
now in production and independently sprung Trojan 
vehicles will be publicly exhibited for the first time at the 
Scottish Motor Show this month. Whilst at present only 
the two normal-control chassis are independently sprung, 
eventually all Trojan vehicles, including the standard and 
long semi-forward control versions, will be so equipped. 

Although initially the incentive to change to independent 
front suspension was to improve performance over rough 
tracks, in particular for overseas markets, operators in Britain 
report other benefits. Due to the improved riding, road- 
holding, steering and braking characteristics, a higher 
average operating speed can be maintained without fatigue 
to the driver. It follows that the mileage of delivery rounds 
can be increased or existing rounds can be completed in less 
time. Furthermore, fragile or friable goods are less liable 
to suffer damage and certain foodstuffs, bakery goods, ice 
cream, and industrial mixes or compositions, are less likely 
to “settle” or become impaired since vibration is much 
reduced. 

The improved riding qualities were well demonstrated in 
immediately succeeding runs in personnel wagons on a 
descending rough unmade road. On the first, in a standard, 
normally loaded vehicle with a beam front axle, the run was 
made in considerable discomfort at speeds that could not 
safely exceed 12 to 15 m.p.h. The following run under 
precisely similar conditions of route and loading was accom- 
plished in relative comfort at a steady 25 m.p.h. 

As regards the design of the suspension, the geometry is 
unexceptional. The box-section trailing link, fabricated 
from two 3} in <1} in channels, is pivoted in bearings bolted 
to the forward end of the chassis side member. At the other 


General arrangement of trailing 
link type independent front wheel 
suspension on Trojan 1-ton chassis. 
Drawing shows off-side application. 
Anchorage is arranged on a stout 
gusset member at the forward 
extremity of the chassis frame 
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end the pivot axle is free to oscillate in two bushes, one of 
which is of the screw-threaded type to provide axial location. 
The pivot axle has two depending arms, in the extremities 
of which is carried the eye-bolt for the quarter elliptic spring. 
This spring is built up of twelve square-cut leaves of 2 in 
ig in section, anchored to a frame bracket at the forward end 
and with the two lower leaves rolied to form the eye which is 
fitted with a flexible bushing. 

In elevation, link and spring are parallel but in plan they 
are arranged at divergent angles, the link being inclined at 
approximately 6 deg and the spring 10} deg to the chassis 
side member. These angles do not affect the geometry of 
the system and are arranged mainly for constructional 
convenience and to permit adequate wheel movement on 


Assembly of the off-side suspension unit on the chassis. Telescopic 
hydraulic shock absorbers are fitted to the front wheels but not to the 
rear axle 
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Personnel wagon on the Trojan 

Senior chassis with independent 

suspension. The power unit is the 

Perkins P3144, three-cylinder 

diesel engine developing 41 b.h.p. 
at 2,400 rev/min 


lock. The wheel is mounted on a conventional king pin 
assembly cottered in the end of the pivot axle at an angle of 
74 deg in a vertical transverse plane and at a castor angle of 
1 deg 5 min. 

All wheel forces are transmitted through the link to the 
chassis frame and the spring is required to accept only 
suspension loads. Telescopic hydraulic shock absorbers are 
provided between the trailing link and the frame. The 
spring has an effective length of 18}, in and the total 
movement of the trailing link is approximately 14 deg from 
load to rebound. 

The chassis is produced in two lengths, with standard and 
long wheelbases at 7ft 10in and 9ft 4in respectively. 
Turning circles are 38 ft and 44 ft and the common ground 
clearance is 9}in. The power unit is the Perkins P3 144, 
three-cylinder diesel engine, developing maximum power of 
41 b.h.p. at 2,400 rev/min and delivering a maximum torque 
of 101 lb-ft at 1,200 rev/min. C.A.V. fuel injection equip- 
ment is used, with pneumatic governing. 

Transmission is by a Borg and Beck, 9in diameter, 
spring-plate clutch to a three-speed and reverse gear box, 
of Trojan manufacture, with synchromesh on second and 
third. The gear-change lever is centrally mounted. An 
alternative four-speed and reverse unit, without synchro- 
mesh, is available. From the gearbox the drive is transmitted 
by a Hardy Spicer propeller shaft equipped with needle 
roller universal joints to the } floating rear axle. The hypoid 
axle drive has a ratio of 4-1. 

Lockheed hydraulic brakes are fitted and the hand brake, 
centrally positioned in the driving cab, provides mechanical 
operation of the rear brakes only. Steering is by a double- 
roller type gear and can be arranged for either right-hand or 
left-hand drive as required. Five-stud fixing wheels are 
fitted with 6.5016in diameter, 8-ply tyres. The fuel 
tank, having a capacity of 84 gallons, is mounted on the near 
side of the straight-sided chassis frame. 

Overall dimensions of the vehicles fitted with the standard 
van bodies, of metal framed construction with metal and 
glass-fibre reinforced plastics panels, are as follows, for the 
standard wheelbase version. Figures for the long wheelbase 
van are bracketted. Length 14ft 2in (15 ft 9in), width 
6 ft (6 ft 4 in), and height 7 ft 10 in (8 ft 4 in). 

Internally the bodies have a length behind the driver 
7 ft 3 in (8 ft 6 in), width at the waist, 5 ft 10 in in each case, 
and height at centre, 5 ft 3} in (5 ft 9in), giving loading 
capacity of 210 ft® (280 ft*). 





Exhaust Gas Treatment 


American Investigations into Methods for Removing Hydrocarbons 


|e July, 1955, the Vehicle Combustion Products Sub- 
committee of the Automobile Manufacturers Association 
organized an exhaust system task group to study methods of 
removing hydrocarbons from automobile exhaust gases. 
The assignment was limited to treatment of the exhaust after 
discharge from the engine. The group was also asked to 
investigate other problems associated with exhaust treating 
devices, such as safety, cost adaptability, maintenance and 
inspection aspects. 

When the group was formed, it was believed that exhaust 
treatment would be a long-term investigation because of the 
many technical problems involved, but that a greater 
reduction in hydrocarbon emission could be attained 
ultimately by exhaust treatment than by induction system 
devices. Events of the past two years have confirmed these 
two opinions. The group is made up of George J. Nebel 
of General Motors Research Staff; C. E. Burke of American 
Motors Corporation; C. M. Elliott and R. P. Graham both 
of Chrysler Corporation; R. T. VanDerveer of Ford Motor 
Company; W. J. Pelizzoni of Mack Manufacturing Corpora- 
tion; and R. D. Randall of Stewart-Warner Corporation. 
The results of preliminary tests were recently presented 
to the Society of Automotive Engineers Inc. 

The first activity of the group was to survey the various 
methods of removing hydrocarbons from exhaust gases and 
select the more promising ones for further study. These 
methods are listed in Table I. The conclusion reached, in 
agreement with that of the Air Pollution Foundation’, is that 
the most practical way to separate hydrocarbons from 
exhaust gases is by oxidation. This may be accomplished 
either catalytically or with flame-type combustion. In the 





* APF Report No. 10 and “Methods and Devices for Controlling the Hydrocarbon 
Control of Exhaust Gases”’", SAE Seminar on Fuels and Lubricants, Los Angeles, 
April 16, 1955. 


TABLE I. 


first case, the apparatus or device is called a catalytic con- 
verter; in the second case, an afterburner. Both devices 
accomplish essentially the same result, that is, after air is 
added to the exhaust, most of the combustible constituents 
are burned to carbon dioxide and water. The major portion 
of the group’s activity has been spent on the study and 
evaluation of catalytic convertors and afterburners. The 
separation of inorganic compounds, such as lead cornpounds, 
sulphur dioxide and oxides of nitrogen, has not been 
investigated. 

To the designer of an exhaust treating device, the most 
important operating variables are the temperature, flow rate, 
and composition of the gas stream, all of which vary con- 
siderably. Some of the variables that may be expected from 
the typical automobile in different driving conditions, and 
their importance to the designer, are discussed in the 
following paragraphs. 


Gas temperature 

Exhaust gas temperatures range from below 150 deg to over 
1,500 deg F, depending greatly upon engine operation and 
the location at which the temperature is measured. Lowest 
temperatures are attained at low-speed, idle operation and the 
highest temperatures at high-speed full-load operation. 
There are large differences, as great as 300 deg F, between 
the temperatures at the exhaust manifold and at the muffler. 
Exhaust temperature must be considered in the operation of 
catalytic converters because most oxidation catalysts suitable 
for this application do not become active until a threshold 
temperature is attained. When a high temperature catalyst 
is used, the converter should be located as near to the engine 
as practicable, and the connecting piping should be well 
insulated. These steps will conserve heat, reduce the warm-up 
period, and increase overall efficiency. Exhaust temperature 


EXHAUST TREATMENT METHODS 





Method 


Comments 





A. Physical separation 





Bulky equipment. Efficiency of absorbents, non-volatile organics or aqueous solutions of oxidizing 
agents or emulsifiers, is questionable. Absorbent would require periodic regeneration and/or 


replacement. 


Absorption 


Equipment simple and inexpensive. Efficiency probably satisfactory, but retentive capacity of best 
adsorbent, activated carbon, low. Reasonably sized adsorber will require too-frequent regeneration 


or replacement. 


Adsorption 


Centrifugal Equipment complicated and expensive. Efficiency questionable. 


Filtration Not effective for gas phase separations. 
Refrigeration Expensive, bulky equipment with high power consumption. Difficult to handle large amounts of 
water collected. Extremely low temperatures, perhaps—100 deg F, required for efficient separation. 
. Chemical methods 


Oxidation Efficiency theoretically very good. Equipment less bulky and complicated. Both catalytic and 


flame-type oxidation possible. 


Addition of chemicals Efficiency questionable since hydrocarbons are inert. Difficult to meter proper amount of reagent. 


to exhaust 


. Miscellaneous methods 


Air dilution Does not accomplish a real reduction, although there may be a lessening in noticeable odour. 


Efficiency questionable. Difficult to control so engine operation is not adversely affected. May 


Recycling exhaust 
promote intake system deposits. 
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is also believed important in the operation of an after- 
burner. It seems advantageous to have the gas temperature 
as high as possible to increase the flammability of the 
exhaust-air mixture. 


Exhaust flow rate 

It is difficult to measure exhaust flow directly. However, 
it is possible to measure engine air consumption and, from 
this, exhaust flow can be estimated satisfactorily. For all 
practical purposes, air consumption at deceleration and at 
idle are equal. To estimate exhaust flow from air consump- 
tion, three factors should be taken into account. These are 
the temperature and pressure in the exhaust system, and the 
molar ratio of exhaust to air. Temperature is the most 
important of these three factors. The actual volumetric 
flow of exhaust gas at the conditions of temperature and 
pressure existing in the exhaust system is one and a half to 
three times the engine air consumption in standard cubic feet. 

Flow rate is important to the designer because it affects 
the size of the exhaust treating device. If the size is kept 
within reasonable limits, residence time—that is the time 
available for oxidation—will be short, about a few tenths 
of a second. The wide range in flow rates also complicates 
the problem of adding the proper amount of required 
supplementary air to the exhaust. 


Exhaust gas composition 

The main combustible constituents in exhaust gas are 
carbon monoxide, hydrogen, and hydrocarbons. Concen- 
trations of carbon monoxide and hydrogen depend primarily 
on air:fuel ratio, and range from essentially zero to about 
13 and 7 per cent respectively. The quoted values are those 
at 10:1 air:fuel ratio. Concentration of carbon monoxide 
and hydrogen are (theoretically) zero at and beyond the 
stoichio-metric ratio, about 15:1. Hydrocarbon concen- 
tration depends primarily upon driving cycle. Typical 
values are shown in Table II. Except perhaps at deceleration, 
most of the heat of combustion of exhaust gas is accounted 
for by carbon monoxide and hydrogen. 

Gas composition is important because the designer should 
known how much air to mix with the exhaust to burn all the 
combustibles. The stoichio-metric air requirement of an 
exhaust burning device depends only on carburettor air: fuel 
ratio and is expressed as the molar ratio of air to exhaust 
on a dry basis. Under unusually rich conditions as much as 
60 per cent fresh air may be required, although the normal 
range is from zero to 30 per cent. 

It may be desirable to add more than the minimum amount 
of air in order to maintain temperatures below critical limits 
and avoid metallurgical failures. As an example, a case 
where exhaust containing 13 per cent CO and 7 per cent H, 
(corresponding to an unusually rich air: fuel ratio of 10:1) 
is diluted with the minimum amount of air required for 
complete combustion, and the initial temperature is 300 deg F, 
should be considered. Theoretically, with no heat losses, 
the temperature after combustion would be above 1.800 deg F. 
In fact, the final gas temperature would be somewhat less, 
but still may reach or exceed 1,500 deg F, high enough to 
cause the designer concern in his choice of structural 
materials. By adding more than the minimum amount of air, 
the temperature can be reduced to more reasonable levels. 

The presence of lead compounds in exhaust gas is also 
important to the designer of catalytic converters, since these 
compounds are notorious catalyst poisons. At present it 
seems more practical to develop a lead-resistant catalyst 
than to attempt to remove lead compounds from the exhaust. 
Other compounds which may be of interest include oxygen 
(chiefl as this affects the amount of fresh air required), 
sulphu dioxide, and phosphorus and alkaline earth com- 
pounds. 


Automobile Engineer, November 1957 


TABLE II. EXHAUST GAS HYDROCARBON 
CONCENTRATIONS FOR A TYPICAL AUTOMOBILE 





Hydrocarbon 
concentration 


Driving cycle 
mole per cent carbon* 





Idle 
Cruise 
30 m.p.h. 
40 m.p.h. 
Acceleration 
0-25 m.p.h. in 12 seconds 
Deceleration 
30-0 m.p.h. in 10 seconds 1-6 
50-20 m.p.h. coast 3-6 











* Measured with Liston-Becker Model 15 analyser calibrated with N-hezane. 


Only afterburners and catalytic converters have been 
investigated. All devices, except the ignition cut-off burner, 
have been either experimental models or commercially 
available products. Policy has been to have one automobile 
company do the preliminary testing, with their results 
reviewed periodically by the group. If a device shows 
promise, it is then tested by several member companies 
before final group recommendations and conclusions are made. 

The efficiency of a device is defined as the reduction in 
hydrocarbon concentration expressed as per cent. The 
effect of dilution air is taken into account. Hydrocarbon 
concentrations have most frequently been measured with the 
Liston-Becker Model 15 infra-red analyser. Unless otherwise 
noted, all tests reported in this article were made on passenger 
cars using commercial leaded petrol. 

The devices tested so far in the industry programme are 
discussed below. Many of the tests were exploratory in 
nature, with emphasis on some single aspect, such as catalyst 
life, rather than overall performance. For obvious reasons, 
manufacturers’ names or trade names are not reported. 

Device A is a commercially available afterburner. Installed 
on a dynamo-meter test stand, the afterburner was found to 
be very efficient when the exhaust gas-air mixture could be 
ignited. This occurred only at certain operating conditions, 
as shown in Table III. The composition of the exhaust, 
and also the temperature, appear to be the most important 
factors determining whether or not the afterburner will ignite 
the exhaust-air mixture. Exhaust composition is markedly 
affected by carburettor air : fuel ratio. 

These dynamometer tests suggest that, when installed on 
a vehicle, an afterburner will be operative only part of the 
time, probably during the idle and deceleration cycles. If 
so, the afterburner is less attractive as a practical exhaust 
treating device than the catalytic converter because (theore- 
tically) the latter is operative during all driving cycles. It is 
understood that the manufacturer of this afterburner is 
developing a smaller sized model for passenger cars and this 
device will be tested when available. 

Device B, the ignition cut-off burner, is a special type of 
afterburner designed to operate only during deceleration. 
In its simplest form, it consists of a spark plug placed in the 
engine exhaust pipe, plus control apparatus. The control 
apparatus is a vacuum switch and relay to connect the 
burner spark plug to the spark coil, and at the same time to 
disconnect the distributor so that the engine will not fire. 
The vacuum switch is actuated when the intake manifold 
vacuum rises above a pre-set value, about 21 in Hg. Thus, 
fresh fuel-air mixture passes unchanged through the engine 
into the exhaust pipe where it is ignited. The theory of the 
device is that, under high intake manifold vacuum conditions, 
combustion in the exhaust pipe is more complete than 
combustion in the engine, since the gases in the exhaust 
pipe are not diluted by residual exhaust. 

Tests showed that the device as described above was 
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PERFORMANCE OF AFTERBURNER 
DEVICE A 


TABLE Ill. 





Efficiency— 
per cent 


Engine operation 
HC removed 





Idle 90 to 95 
1,000 r.p.m. full throttle 0 
1,000 r.p.m. part throttle 0 
1,000 r.p.m. closed throttle 98 to 99 
2,000 r.p.m. full throttle 80 











effective and that it reduced hydrocarbon concentration 
during deceleration to approximately the same level as that 
found at road load conditions. However, a popping noise 
associated with its operation was objectionable. Attempts 
were made to eliminate the intermittent explosions believed 
to be responsible for this noise by stabilizing the flame at a 
fixed point. Of the many flame arresters tried, the one most 
successful in suppressing noise was a close-fitting heat riser 
valve placed a short distance upstream from the burner. 
Normally open, this valve was closed during deceleration by 
a solenoid-actuated relay. While this flame arrester reduced 
noise, it also reduced efficiency to low levels. High-speed 
photographs showed that the flame arrester did not stabilize 
the flame as hoped, but simply reduced the amount of gas 
burned per explosion, and increased the frequency of 
explosions. Repeated attempts to obtain efficient, quiet 
burning by modifying design were not successful. 

Another difficulty with this device was that no economical 
means was known to make it safe in the event of failure. 
Without some protection, it was feared that an explosion 
severe enough to damage the exhaust system might occur 
if the burner plug become fouled. 

Device C is an experimental catalytic converter employing 
a precious metal catalyst. The test unit showed no effective- 
ness whatsoever. Inspection and bench testing revealed that 
the catalyst had been poisoned by lead compounds. 
Apparently, this happened after only a few miles of driving. 

Device D is a commercially available catalytic converter 
employing a precious metal catalyst. Initial efficiencies were 
as high as 28 per cent, averaged for all driving cycles. After 
1,000 miles the efficiency was approximately half the value. 
Performance was poorer than expected because of the 
difficulty of installing the converter on the automobile in a 
completely satisfactory manner. One of these units experi- 
enced mechanical failure in the aspirator section. The 
manufacturer is attempting to develop a catalyst more 
applicable to automotive use. 

Device E is also a catalytic converter, but is a commercial 
product designed for non-automotive use. In the type of 
service for which this converter was designed, it has been 
used successfully with leaded fuel, a feature considered 
important. The device was installed on a test car to gain 
experience and knowledge, although the manufacturer 
pointed out that it was not designed for the type of service 
to which it was to be subjected in the test. 

Initial performance was only fair. The convertor was 
effective in oxidizing carbon monoxide, but less effective 
for hydrocarbons. (This characteristic was built into the 
catalyst in view of its originally intended use.) Average 
efficiencies of about 40 per cent were attained initially. 
Tests after 1,500 miles showed some loss of efficiency. 

Device F, an experimental catalytic converter, is still 
being tested. The manufacturer claims that the device will 
be at least 75 per cent efficient over the life of the catalyst 
forecast as 12,000 miles, and that it can be used successfully 
with leaded petrol. Catalyst composition has not been 
disclosed, but it is stated to be of non-critical materials, not 
platinum or palladium. 

Tests were made at 1,000 and 3,600 miles respectively. 
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Efficiency, which correlates reasonably with catalyst tempera- 
ture, is slightly lower at 3,600 miles than at 1,000 miles, but 
is still generally greater than 80 per cent. The manufacturer 
stated that it is normal for the catalyst activity to decline 
slightly after the first thousand or twelve hundred miles, and 
then remain very nearly constant for the rest of its life. 

Catalyst temperature, an important operating variable, 
depends largely upon how the vehicle is being driven, and 
also depends on the kind of driving to which it has been 
subjected in prior periods. Slow, steady speed driving 
results in the lowest catalyst temperatures, about 800 deg F. 
The other extreme is high-speed stop and start driving, when 
temperatures between 1,200 and 1,300 deg F are attained. 
The normal city driving range is from 900 to 1,000 deg F 
with corresponding efficiency being 85 per cent. Approxi- 
mately 15 minutes of normal driving are required to bring 
the catalyst to its operating temperature. During this time 
the device is partially effective. 

At the time of reporting, the test car has been driven in 
trensportation service just over 4,000 miles with the con- 
verter installed. To date there is no indication that the 
catalyst has been poisoned by tetraethyl lead combustion 
products. The test will continue for 12,000 miles. 


Engineering problems 

Numerous engineering problems have been observed 
whilst testing these devices. Experimental models tested 
so far have not silenced engine exhaust noise satisfactorily. 
At present, it is not known whether special silencing character- 
istics can be built into this type of device or whether auxiliary 
mufflers are needed. An additional source of noise, in some 
instances, has been the aspirator which supplies the air 
needed for combustion. 

It seems desirable to regulate combustion air automatically 
in such a way that the catalyst temperature is maintained in 
the best operating range regardless of how the automobile 
is driven. Proper control will also shorten warm-up time and 
minimize the possibility of the device overheating. Each 
device must also be well insulated, both to improve its own 
performance and for the comfort of passengers. The effects 
of an extra under-chassis heat load on brake fluid lines and 
on fuel lines must also be considered. 

Catalytic converters are relatively large devices and some 
space problems have been experienced in installing them on 
automobiles. These problems are expected to become more 
critical with future automobiles and the details of converter 
design will have to be explored thoroughly. 

Detailed cost estimates cannot be made until the above- 
mentioned problems are resolved. Indications are, however, 
that catalytic converters will markedly increase the initial 
cost of the exhaust system. In addition, catalyst regeneration 
or replacement will be required periodically. Similar 
problems concerning heat, noise, and installation are 
expected with afterburners. Detailed comments cannot be 
given, however, since group experience with afterburners 
has been limited to dynamometer testing. 


Summary 

Oxidation appears to be the most practical method for 
removing hydrocarbons from exhaust gases. A number of 
oxidation devices both catalytic converters and afterburner, 
have been tested. One of these, a catalytic converter, has 
shown some promise. In road tests, after warm-up, this 
experimental converter removed approximately 80 per cent 
of the hydrocarbons from exhaust gases. The catalyst has 
so far been resistant to poisoning by tetraethyl lead com- 
bustion products. Life tests have not yet been completed. 
Afterburners also show some promise, but none suitable for 
automobiles has been developed and submitted to the group. 
Indications are that the overall efficiency of afterburners 
will be somewhat less than that of catalytic converters. 
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METAL CUTTING RESEARCH 


Some Activities of the Production Engineering Research Association 


‘Lasse notes give a short survey of some researches into 
cutting tools carried out by the Production Engineering 
Research Association, Melton Mowbray, together with some 
examples of research results. As the cutting tool is only one 
of many important factors in a machining process, brief 
reference is also made to investigations into factors such as 
machine tools and cutting fluids. Attention is focused 
mainly on drilling in order to illustrate the scope of PERA 
research in a particular field, but a few examples of results 
obtained in investigations of other types of tools are also 
included. 

Machining research can be broadly classified into analytical 
and practical investigations. The purpose of analytical 
investigations is to determine the precise nature of the 
mechanism of cutting and of the behaviour of the tool and 
machine tool. To facilitate analysis, the machining process 
is usually reduced to its simplest form by turning thin discs 
or planing narrow strips with elementary cutting tools. High 
speed films, microscopic examination of the resulting chips, 
mathematical analysis, and other means are all used to build 
up a comprehensive picture of the complex phenomena 
that occur during machining. The practical machining 
techniques can then be modified if necessary in accordance 





*““Some Experiments on the Influence of Various Factors on Drill Performance” 
by D. F. Galloway. Presented at Semi-Annual Meeting of the American Society 
of Mechanical Engineers, 19th Fune, 1956. 


with the clearer picture of metal cutting provided by the 
analytical investigations. 

In practical investigations on the other hand, data for 
immediate application in the workshop are obtained without 
a deliberate search for an explanation of basic phenomena. 
Controlled tests under conditions closely allied to practice 
are carried out to determine changes in tool performance 
with variations in tool geometry, cutting speed, feed, and 
other factors. The results of these tests can be applied 
directly to specific problems of great practical importance 
in the workshop. 


Variables and criteria in machining 

An analysis of the signficant factors in machining reveals 
a complex system embracing the tool, workpiece, machine, 
and cutting conditions. An analysis for a drilling operation 
is shown in Table I, which also indicates the technical 
criteria by which drill performance is assessed. To secure 
the maximum improvements in the economy and speed of 
machining it is essential to identify these criteria and deter- 
mine their significance under various conditions. 

The basis of scientific method is the reproducible experi- 
ment, which, in the case of cutting tools necessitates: (a) 
accurate measurement of tool shape, tool life, cutting forces, 
surface finish, etc.; (b) close control of variables such as 


TABLE I. ANALYSIS FOR DRILLING OPERATION 


— Material 


—Drill 








DRILL 


PERFORMANCE iba ae 





—Composition 
—Structure 
i— History 

—Physical properties 


—Casting temperature 
L tngot size 





Reduction 
—Heat treatment 


—Diameter 
—Length 
—Web and flute 
—Shank 
—Helix angle 
—Point shape 
—Straightness 
—Surface finish 


—Relief angle 
—Point angle 
—Relative lip height 
—Chisel edge angle 
—Point thinning 


—Combined carbon 


Criteria 





Rate of 
penetration 
Drill life 
Efficiency of 
metal removal 
Hole accuracy 
Hole surface 
finish 











blind hole 
—Depth of hole 
—|—Rigidity 
— Material 
—Surface condition 


—Design 


= ~ in » : ang 
Machine “Condition 





—Application 
=) aa 
—Cutting fluid —;—Rate of flow 


—Temperature 
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——-|—Soluble oil 


—Ferrous 
—Non-ferrous 


—Foundation l 


—Composition 
—Heat treatment 
—Structure 
—Physical properties 


[Rigidity 
Damping 





—Frame 
—Table 


inated 


—Slides 


—Drive 
—Feed mechanism 


L_Accuracy 


—Accuracy 
|+—Rigidity 
—Surface finish 
—Lubrication 


—Rigidity 
Accuracy 








—Spindle 
—Sleeve and chucks 





—Lubrication 


—Neat oil —— Composition 


—-Aqueous —————— 


Se 


—Dilution 


—Type of bearing 


—Carbide material 
—Segregation 
—Non-metallic 

| inclusions 
—Grain size 


|—Corrosion, etc. 
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Fig. 1. 





Fig. 2. Drill point inspection gauge 


cutting fluids, materials machined, etc.; and (c) systematic 
variation of selected technical factors. 

Although most cutting tools are simple in conception, 
their geometry is often complex, and special equipment is 
generally needed for the accurate grinding and inspection 
of tools. For example, an optical instrument based on the 
principle of optical sectioning has been developed for the 
rapid measurement of the relief angle of drills. The principle 
of measurement can be explained by reference to Fig. 1, 
which shows the method of determining the relief angle at 
a point P on the cutting edge. An optical section of the drill 
point is made in the plane PQ normal to the radius of the 
drill through P and parallel to the axis of the drill. The 
optical section is produced by projecting the outline of an 
accurate knife edge on to the surface of the drill, which is 
viewed through a microscope on the direction O in line 
with the radius through P. The relief angle, that is, the angle 
between the tangent to the curve PQ at P and the diametral 
plane through P is then read directly on a protractor fitted in 
the microscope eyepiece. Instruments developed for research 
are frequently re-designed for use in production workshops 
to facilitate effective application of research results; some 
examples of workshop equipment based on research instru- 
ments are shown in Fig. 2. 


Control of experimental conditions 

Where possible, control of the experimental conditions in 
cutting tool investigations is based on direct quantitative 
measurement. This applies not only to tool form and shape, 
but also to cutting fluid application, speed, feed, machine 
deflection, etc. Cutting tool performance may be affected 
by variations in the design and condition of machine tool 
slides, bearings, motors and frames. Undesirable variations 
associated with the machine tool are prevented wherever 
possible by the use of special equipment, such as the portal 
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Principle of optical sectioning for measuring drill relief angle 













Fig. 3. Rigid portal frame machine used by PERA for drilling research 


frame drilling machine illustrated in Fig. 3. The rigidity 
and symmetry of the frame of this machine eliminate the 
disturbing effects of the large deflections which sometimes 
occur in conventional drilling machines. 

Variations in the experimental conditions can be reduced 
by such obvious precautions as manufacturing tools for the 
same experiment from the same bar of high speed steel and 
in the same batch. Even so, significant differences in tool 
life are frequently found both between different tools in the 
same batch and in different parts of the same tool as it is 
reground. Test billets can be uniformly heat treated before 
machining, but differences in machining properties are still 
found to persist between and within the billets. Variations 
also occur in the shape and physical properties of tools. 

The effects of variations of this type can, however, be 
controlled to some extent by the use of experimental designs 
based on statistical principles. Physical and metallurgical 
tests are first used to indicate the probable distribution of the 
variations in the properties of the tools or work materials, 
and then, by a suitable allocation of test conditions to the 
test tools or billets, the effect of these variations can be 
substantially eliminated from the comparisons. 


Duration of tests 

Tool performance can be determined in tests of short, 
medium or long duration. The shorter the tests, the 
lower the cost and consumption of tools and workpiece 
material, but as the tests are progressively shortened by 
raising the machining rate, the relationships between tool 
life and tool shape, etc., observed in the laboratory may 
become less applicable to normal workshop conditions. In 
practice, the test conditions are accelerated as much as 
possible while still providing a reliable basis for the selection 
of workshop machining conditions. The extent of research 
necessary to secure data for application in workshops may be 
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judged from the fact that in a series of drilling investigations 
1,000,000 holes were drilled, and in tapping investigations 
approximately 300,000 holes were tapped. 


Typical research results 


To illustrate the research results obtained by PERA in 
cutting tool investigations, attention will be mainly focused 
on drilling in the remainder of this article. A summary of the 
investigations into drill performance has been published*, 
and a few typical examples of the research results will be 
given. In parallel with the drilling research, investigations 
have been carried out into the performance of taps, reamers, 
single point tools, etc., and a few examples of the results 
obtained are included. 


Twist drills 


Since the modern form of twist drill machined from a 
solid bar came into general use nearly 100 years ago, there 
has been considerable progress in developing different types 
of drill for special purposes such as drilling deep holes, but 
unfortunately users generally have failed to appreciate the 
importance of correctly specifying and grinding the drill 
point, with the result that even today low standards of drill 
performance are accepted as a matter of course in many 
companies. To assist industry in reaching optimum levels 
of drilling efficiency, extensive research has recently been 
carried out into the influence of drill geometry, cutting 
conditions, machine tools, cutting fluids, and other factors 
on drill life, hole accuracy and alignment, cutting forces, 
and chatter vibrations. These researches have thrown new 
light on the fundamental reasons for some common difficulties 
in drilling. 


Effect of drill point shape 


The geometric features of a drill may have a marked 
effect not only on tool life, but on rate of production, power 
consumption, hole accuracy, and surface finish, although 
these effects vary substantially under different conditions. 
The improvements that can be achieved in drill performance 
by altering the shape of the drill point to suit the material 
drilled are indicated by the research results summarized in 
Fig. 4. Actual test results are shown for cast iron and 
titanium alloy, and the range of point angles giving optimum 
drill life when machining the various steels included in the 
investigation is also indicated. Although drills are commonly 
ground to a point angle of 118 deg irrespective of the material 
drilled; Fig. 4 shows that the point angle giving the 


Fig. 4. Effect of drill point angle on tool life when drilling cast iron, 
titanium alloy and various steels 
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Fig. 5. Effect of difference in height on drill life 


longest life varies considerably with the material drilled. 

For the tests on cast iron 3 in diameter holes were drilled 
at a speed of 154 ft per min and a feed of 0-010 in per rev. 
Under these severe conditions drills with a point angle of 
120 deg failed after a few holes, whereas 60 deg point angle 
drills had an average life of more than 600 holes. Although 
random variations in machining conditions may prevent 
gains of this magnitude being achieved in production 
operations, substantial improvements in drill performance 
have been reported by firms who have applied PERA 
recommendations for point shape. As the most suitable 
point shape for drilling cast iron depends partly on the 
drilling conditions and partly on the iron drilled, various 
recommendations covering a range of conditions have been 
made by PERA following another series of tests carried out 
in the Association’s laboratories and in members’ machine 
shops. 

Preliminary tests have indicated that different methods of 
point thinning which are being investigated by PERA may 
significantly affect performance. Confirmation of these 
results is being sought in a further series of tests. 


Relative lip height 

Drill life and hole accuracy are markedly dependent on 
the symmetry of the drill point. A common error in sym- 
metry due to grinding inaccuracies is relative lip height, as 
a result of which one lip or cutting edge is in advance of the 
other. The unbalanced forces on a drill with large relative 
lip height tend to displace the general axis of the drill from 
the axis of rotation towards a position where the resultant 
forces on the lips are in balance, but even so the cutting 
conditions at the two lips are different, and premature 
failure of the drill occurs. For example, Fig. 5 shows that 
drill life was increased nearly three times by reducing the 
relative lip height of in diameter drills from 0-015 in to 
0-001 in. In production drilling operations on a steel bracket, 
drill life was increased from 70 holes per grind to 200 holes 
and the penetration rate was increased from 9 in per minute to 
14 in per minute by reducing the lip height of % in diameter 
drills from 0-010 in to 0-001 in. 

It can be shown that hole oversize due to an error in lip 
height is very nearly equal to the relative lip height multiplied 
by the tangent of the semi-point angle. Calculated values 
are in good agreement with the experimental results; the 
mean hole oversize increases linearly with the relative lip 
height, and the oversize for a given relative lip height is 
less with smaller point angles. 


Drilling conditions 
As the cutting conditions decisively influence drill per- 
formance, the effects of feed and speed on drill life, hole 
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accuracy, surface finish, etc., are also investigated. Fig. 6 
shows the combined effects of cutting speed and feed rate 
on drill life when drilling titanium alloy. If sections are 
taken parallel to the plane of the tool-life/cutting speed axes, 
curves are obtained which indicate the way in which drill 
life varies with cutting speed at different feed rates. Similarly 
curves showing the way in which drill life varies with feed 
at different cutting speeds are obtained by taking sections 
parallel to the plane of the tool-life/feed-rate axes. Of 
greatest interest, however, are the sections taken along lines 
of constant penetration rate, that is, along lines defined by 
the condition: cutting speed X feed rate—constant. The 
section ABCD in Fig. 7 has been taken in a plane representing 
the combination of cutting speed and feed rate giving a 
penetration rate of 14in/min. The section shows how tool 
life varies with different combinations of cutting speed and 
feed rate at a constant penetration rate of 14 in/min. It will 
be observed that at this constant rate of penetration, tool life 
varies considerably and hence too] consumption can be 
reduced without affecting the rate of production merely by 
selecting the best combination of speed and feed. 


Drilling machine vibrations 

Vibration often impairs tool performance or restricts 
output in many machining operations, but it is particularly 
likely to do so in drilling operations performed on radial 


drilling machines, which have comparatively flexible 
structures possessing little damping in the lower modes of 
vibration. Fig. 8 shows the vibration response, in a vertical 
direction, of the drill head of a radial! drilling machine with 
a periodic force of 20 lb applied vertically at the drill head. 
The two principal modes of vibration occurred at approxi- 
mately 10 cycles per sec and 36 cycles per sec. The large 
amplitude of vibration at the first mode is particularly 
significant, as experience has shown that this is the mode 
which most frequently occurs during drilling. 


Charts can be drawn on the basis of the results obtained 
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Fig. 7. Variations in drill life at constant penetration rate when drilling 
titanium alloy 


in this type of investigation. Vibration records showing the 
frequency of vibration and the manner in which the amplitude 
builds up suggests that the vibrations may be self-inductive 
in origin, that is, the cutting action of the drills adds energy 
to the system and gives rise to progressively larger amplitudes 
of vibration unless the energy gain is dissipated by the 
damping forces of the system. To help in clarifying some of 
the significant features of this type of vibration, an analysis 
has been made of self-regenerative vibration in drilling. The 
main results of the analysis are shown on the stability charts 
in Fig. 9. The quantity 6 represents the logarithmic decre- 
ment of a system comprising the drilling machine, drill, 
and workpiece; p denotes the ratio of the increase in drilling 
thrust to the stiffness of the system as the chip thickness 
increases; and n is a measure of the phase relationship 
between the undulating profiles of successively cut surface. 
The shaded areas indicate the regions of instability or chatter. 
Despite some discrepancies in details, the evidence of 
preliminary practical tests lends support to the self-regenera- 
tive theory, as indicated by Fig. 10, which shows the ranges 
of speeds in which chatter was observed during drilling 
operations on a radial drilling machine, together with the 
first three ranges of speed obtained from the stability 
charts. Tool performance can be improved by avoiding 
such ranges of speed. 


Drilling machine deflection 

The deflection characteristics of drilling machines may 
also have an important influence on drill performance, hole 
accuracy and alignment, etc. and thus observations are made 
of the static deflections and displacements of the heads, 
arms, columns, tables, frames, and bases of drilling 
machines. A thrust load of one ton is generally applied 
through the spindle of medium sized machines; this load is 
approximately equivalent to the thrust produced by a jin 
diameter twist drill when cutting steel at a feed of 0-015 in 
per rev. The measured deflections of a typical radial drilling 
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(a) Position of arm and head for vibration tests 

(b) Vibration response curve of drill head in vertical direction 

Fig. 8. Above: Vertical vibrations of drill head of radial drilling machine. 

Amplitude of vibration in the first mode is particularly significant, since 

experience has shown that this is the mode most frequently occurring 
in practice 
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Fig. 10. Below: Observed and calculated chatter ranges for a 4 ft 6 in 
radial drilling machine 


Fig. 11. Bottom right: Deflections of a radial drilling machine 
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machine are shown in Fig. 11. Each value given in the 
diagram is the average of three tests. The diagram is drawn 
with two scales along each axis, one representing horizontal 
and vertical deflections from initial positions, and the other 
the lengths of the machine parts. Thus the column is drawn 
in length units vertically, and deviation units horizontally, 
and deflections and slopes are consequently exaggerated. 
The principal deflections of the columns and arms of the 
machines tested were caused by flexure of the column. 


Reamers 

It is not possible here to give a full account of research 
into the performance of other types of tool and into the 
behaviour of the machine tools on which they are used, and 
only a small selection of results will therefore be given for 
other types of tool. Preliminary investigations of the 
influence of reamer design on the surface finish and accuracy 
of reamed holes indicates that hole quality can be improved 
by altering reamer geometry. One example of the effect of 
reamer shape is illustrated in Fig. 12, which shows the 
marked improvement in surface finish when the rake of the 
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cutting edges was changed from -—10 deg to 10 deg. 
Although negative rakes of this magnitude should not be 
encountered in practice, machine reamers often have small 
negative rakes which may increase surface roughness. As 
in the case of drills, errors in the lip height of a reamer are 
a common and serious cause of difficulties in reaming. 
Another series of investigations has demonstrated that the 
surface finish and accuracy of reamed holes in low carbon 
steel deteriorate rapidly when speeds and feeds are increased 
above certain critical values. As these critical values are the 
limiting factors preventing the use of higher cutting speeds 
and feed rates in cutting operations it was considered 
important to determine whether improvements in perform- 
ance could be achieved by changes in reamer shape. Tests 
have therefore been carried out to determine the effects of 
reamer shape on the accuracy and surface finish of holes 
reamed in low carbon steel. Changes in rake and circular 
land width influenced hole surface finish but did not markedly 
affect accuracy. The test results also indicated that swarf 
jamming has an important influence on reamer performance. 
Other factors investigated included chamfer angle and flute 
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length, and the effect of built-up edge on accuracy and 
surface finish, the formation of a built-up edge, and factors 
affecting chip-tool interface friction and temperature were 
also considered. 


Single point tools 
Typical examples of the considerable variations which 
may occur in the performance of lathe tools are given in 
Fig. 13. This comparison shows the total amount of metal 
removed between regrinds by a series of carbide tools used 
at a particular speed in rough turning operations. Tools 
Nos. 4 and 5, Fig. 13, could probably be used at much 
higher speeds than tools Nos. 1, 2 and 3, and still give 
acceptable tool life. An example of the combined influence 
of both speed and feed on the flank wear, or in other words, 
the life of cemented carbide tools, when machining steel, 
are shown in Fig. 14. Graphs of this type are valuable 
for indicating the combination of conditions giving the 
Fig. 12. Improvements in surface finish of reamed holes as a result greatest economy in the use of tools. 
of a change in reamer geometry. The upper hole was produced by a Field investigations into problems concerned with cutting 
reamer with 10 igs vests — "0 caged besa a tool performance have emphasized the need for improved 
grinding techniques and a greater degree of control. An 
investigation in which conventional and unorthodox methods 
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Fig. 13. Above: Variations in the performance of cemented carbide 
tools used in medium rough turning operations on steel 


Fig. 14. Right: Average flank wear of carbide tools when machining 
steel at various feeds and speeds 


TABLE II. SOME EXAMPLES OF ECONOMIC SAVINGS AND INCREASED PRODUCTIVITY RESULTING FROM 
PRACTICAL INVESTIGATIONS OF MACHINING 





Changes resulting from investigation Increase in productivity and economic savings 





Improving set-up for machining operation Saving of 11/3 per component. Tool life increased 15 times. Scrap reduced by 
85 per cent 





Improved method of machining drawing Production time reduced from 53 min. to 22 min. per component. Tool life 
dies required in large numbers increased from 5 components to 40 components. Immediate saving of £5,000 on 
production 





Change of cutting oils used in machine Fluids cost reduced by £1,000 per annum, and tool performance improved 
shop 





Modified heat treatment to facilitate Machining time reduced from 51-8 to 42-3 min. Rate of production increased 
machining approx. 12 per cent, and drill life doubled. Cost reduced by about 1/9 per 
component 





Improvement in tool grinding techniques Tool life increased from 3 hours to 10 hours. Grinding time reduced from 20 min. 
to 7 min. 





Substitution of finish machining operation Rate of production increased over 12 times. Cost of operation reduced by £1,300 
for hand finishing and machine operations per 1,000 components 
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of grinding carbide tools were studied indicated that the 
speed and ease of grinding associated with a particular 
method were of considerable economic significance. The 
effect of the method of grinding on carbide tool performance 
was also investigated. 

Recommendations based on the researches are being 
applied in industry and savings in the form of reduced 
grinding wheel costs and longer. tool life between regrinds 
have been reported. Current research includes an investiga- 
tion on an automatic lathe to compare three types of high 
speed steel when machining alloy steel. The opportunity 
is also being taken during this investigation to investigate 
the relationship between tool wear and workpiece diameter. 


Taps 

In view of the many problems associated with the use of 
taps in industry, it is perhaps surprising that only compara- 
tively recently has a co-ordinated programme of research 
into these problems been undertaken. This research has, 
however, already led to several important conclusions about 
tap performance. 

In most metal cutting processes, speed, feed, and depth 
of cut can be varied to obtain the highest or most economical 





rate of production, the required finish, etc., but in tapping, 
only the speed, and to a certain extent, the depth of cut can 
be changed. The depth of cut is a particularly important 
variable as tapping torque rises sharply as the depth of cut 
increases, and hence the risk of tap breakage is greatly 
increased. The depth of cut is controlled by the depth of 
thread, and hence product designers can assist materially 
in reducing tap breakages in production by specifying the 
minimum depth of thread consistent with functional require- 
ments. Recent research has shown that the strength of a 
threaded assembly can be maintained in some materials 
even when the depth of thread is reduced to 60 per cent. 


Application of research results 

As the primary objective of PERA’s production engineering 
research is the economic gain accruing in factories from 
application of the research results, efforts are made wherever 
possible to evaluate the Association’s investigations in 
terms of the savings made in industry. A few examples of 
the many economic gains in machining operations, improve- 
ments in tool life, etc., made in industry as a result of the 
application of PERA’s recommendations are shown in 
Table II. 








NOVEMBER 


London 
Tuesday, 12th November, 6.0 p.m., at 1 Birdcage Walk, 


Westminster, S.W.1. Paper: “The Suspension of Internal 
Combustion Engines in Vehicles,” by M. Horovitz, B.Sc.(Eng.), 
(Associate Member). 


Luton 

Wednesday, 6th November, 7.30 p.m. Assembly Room, 
Luton Town Hall. Paper: “Some Important Problems 
Concerning the Small Utility Car,” by Dr. Ing. D. Giacosa 
(read by Mr. 7. H. Pitchford, M.A. (Member)). 


Derby 
Monday, 18th November, 7.15 p.m. Midland Hotel, 
Derby. Address by the Chairman of the Automobile Division, 


R. C. Cross, (Member), entitled ‘““Some Experiments with 
Internal Combustion Engines.” 


Scottish 


Monday, 18th November, 7.30 p.m. The Institution of 
Engineers and Shipbuilders, 39 Elmbank Crescent, Glasgow 
C.2. Paper: “Servicing the Modern Vehicle,” by A. D. Reid. 


North-Eastern 


Wednesday, 20th November, 7.30 p.m. 
Lecture Theatre, The University, Leeds. 
Ability to Stop,” by H. Clements. 


The Chemistry 
Paper: “The 


Western 


Thursday, 21st November, 6.45 p.m. Fortt’s Restaurant, 


Bath. A talk on “Tyre Characteristics,” by T. French. 






Birmingham 
Tuesday, 26th November, 6.30 p.m. James Watt Memorial 
Institute, Great Charles Street, Birmingham. Paper: 


“Transmission Developments for Public Service and Heavy 
Goods Vehicles,”’ by A. Gordon Wilson ( Associate Member). 
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Forthcoming Meetings of the Automobile Division 







DECEMBER 
London 

Tuesday, 10th December, 6.45 p.m., at 1 Birdcage Walk, 
Westminster, S.W.1. Automobile Division Discussion: ‘‘ Air 
or Water Cooling.” 


Coventry 


Tuesday, 3rd December, 7.15 p.m. Grosvenor Room, 
Leofric Hotel, Coventry. Two papers from a Symposium on 
Superchargers and Supercharging:—‘‘An approach to the 
Problem of Pressure-charging the Compression Ignition 
Engine,’ by D. W. Tryhorn, B.Sc. (Associate Member). 
“The Design and Development of Small Radial Flow Turbo- 
chargers,” by C. A. Fudson, B.Sc. (Associate Member) and 
E. Kellett. 


North-Western 
Tuesday, 3rd December, 7.15 p.m. Engineers’ Club, 
Manchester. Paper: “Diesel Engine Lubricants: Their 


Selection and Utilization with Particular Reference to Oil 
Alkalinity,” by A. Dyson, M.A., L. 7. Richards, B.Sc.(Eng.), 
Wh.Sc., and K. R. Williams, B.Sc. 


Luton 


Wednesday, 4th December, 7.30 p.m. Assembly Room, 
Luton Town Hall. Paper: ‘‘The Suspension of Internal 
Combustion Engines in Vehicles,” by M. Horovitz, B.Sc.(Eng.) 
(Associate Member). 


Western 
Thursday, 5th December, 6.45 p.m. The Royal Hotel, 
Bristol. Paper: ‘‘Pneumatic Suspensions for Motor Vehicles,’ 


by F. Sainsbury. 





Derby 


Monday, 9th December, 6.15 p.m. 
Hall, Derby. 


The Rolls-Royce Welfare 
A Joint Meeting with the East Midlands 
Branch. Paper: ‘Small Gas Turbines,” by Dr. 7. H. Weaving 
(Member). 





HARPER MWMkK.VI 


INVALID’S CAR 


Petrol-driven and Battery-driven Models of a Vehicle Produced Exclusively For 


Physically Handicapped Drivers 


P somtsus of a character quite distinct from those 
encountered in connection with a normal passenger car 
confront the designer of a vehicle intended for general use by 
partially incapacitated or physically handicapped persons of 
either sex. The variations from the mythical “‘standard man” 
are sufficiently wide and sufficiently common to cause some 
trouble to the builders of mass-produced cars. When to 
such variations are added the complications and permutations 
resulting from multiple injuries, incapacitating diseases or 
congenital malformations, the problems attain formidable 
proportions. 

Invalid’s cars are not subject to certain taxes but to enjoy 
this concession they must conform to certain stipulated legal 
requirements, They must be genuine single seaters and their 
legal maximum speed is 20 miles/hr. Furthermore, while 
vehicles are, of course, available for direct purchase by 
individuals, the majority are supplied by the Ministry of 
Health to handicapped persons for travel to and from a place 
of occupation, with the object of enabling them to lead a full 
and useful life. Being the largest customer, the Ministry of 
Health issues a comprehensive specification and invites 
tenders. Manufacturers must, perforce, design their vehicles 
in conformity to the strictly utilitarian requirements of the 
specification. There is little opportunity for styling, decora- 
tion, or equipment but in the latest Harper models an out- 
standingly clean and attractive appearance has been attained 
by the use of a moulded polyester resin-glass fibre body. 

Built by the Stanley Engineering Co Ltd., The Avenue, 
Egham, Surrey, a member of the Harper Aircraft group of 
companies, these vehicles make a complete break from the 
tubular construction of the traditional “‘invalid’s tricycle’’. 
The chasses frame is of channel and angle steel construction, 
with a light alloy beam “‘backbone”’ and a floor of mild steel 
sheet. Suspension of all wheels is on torsion-rubber units and 
the rear wheels are independently sprung. Brakes are fitted 
to the rear wheels only and are hydraulically operated. 


Complete weather protection of the occupant is provided by 
either hard-top or convertible bodies. The general appear- 
ance is that of a modern miniature three-wheeler and the 
absence of external features usually associated with invalid’s 
vehicles has a beneficial psychological influence on the user. 
This applies with particular effect in the case of users who 
have only recently suffered a disability and is an important 
factor in rehabilitation. 

It is an unfortunate feature of a necessarily single-seater 
vehicle that the handicapped learner suffers a further handicap 
in that he cannot be accompanied during training on the road. 
The usual procedure is for the instructor to explain the 
operation of controls while stationary and to walk alongside 
the vehicle during preliminary runs at the lowest speed. 
Subsequently the learner is launched alone on to the roads. 
The Stanley Mk. VI body has adequate width to accommo- 
date side-by-side seats and the manufacturers have produced 
a dual-control vehicle in which the steering tiller and all 
controls are duplicated. The instructor at all times can 
exercise complete control of the vehicle and can give the 
learner verbal and visual instructions whilst travelling at 
normal speeds. Such dual control-vehicles, made specially to 
the order of authorities and organizations concerned with 
rehabilitation, are understood to be unique. 

Structurally both vehicles, petrol and electric models, are 
the same. They differ in the power unit, transmission, and 
controls. They are distinguished in appearance, however, 
the petrol car being finished in blue and the electric car in grey. 
The hard top in both instances is finished off-white and in the 
case of convertibles the hood is of a brown Vynide plastics 
material. Primarily, the electrically propelled version is 
intended for users having only one hand capable of perform- 
ing control movements. The unladen weights are approxi- 
mately 5 cwt for the petrol car and 8 cwt for the electric 
model. The difference in weights is accounted for by the 
three traction batteries of the electric model. 


The Harper Mk. VI invalid’s car 

has a polyester resin-glass fibre 

body in either hard top or con- 

vertible versions. Petrol car is 

finished blue and the electric car 
grey 
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Chassis 

The main frame is a flat rectangular structure forming the 
central section. It comprises a 1{ in X2 in I-section beam of 
Hiduminium 44 light alloy arranged as a backbone and flanked 
by steel angles which are extended to the rear beyond the 
main frame to form cantilevers for the support of the power 
unit and transmission. Front and rear ends of the frame are 
closed by angled steel pressings and steel angles form the 
lateral margins. From the corners of the structure diagonally 
arranged angles are secured by through bolts to centrally 
positioned anchor plates above and below the light alloy beam 
to ensure lateral rigidity. 

The body bulkheads are attached to upstanding flanges on 
the front and rear transverse members. At the rear the flange 
is additionally supported by four pressed steel brackets and 
from two of these, tie rods are fitted to brace the cantilevered 
members which are tied near their rear extremities by a 
transverse angle member. A sheet steel skin attached directly 
to the frame forms the floor panel of the vehicle. Frame 
assembly is, in the main, by bolting and all component items 
are interchangeable. 


Suspension 

Suspension of all three wheels is by means of Bramber 
No. 6 Flexitor torsion-rubber units, approximately 8} in long. 
The spindles of these units are serrated, 60 teeth of 60 deg 
inclusive with root diameter of 1-144 in, for the attachment of 
the wheel suspension arm, so adjustment of chassis height is 
rendered particularly easy. Normally this height is 9 in above 
ground level. 

The leading type front wheel arm, bowed to accommodate 
steering movement of the wheel, is a forging in En 18R steel 
and a standard Ford king-pin and bushes are fitted at the 
wheel end. Castor angle of the king-pin will, of course, vary 
as the angle of the arm changes under load and rebound. As 
arranged on the chassis the angle will not, under normal 
conditions, exceed 3 deg. Wheel movement in suspension is 
controlled by an Armstrong double-acting telescopic shock 
absorber. 

At the rear, the independently sprung wheels are carried on 
cranked trailing arms of spheroidal graphite iron. The 


Bolted assembly of chassis frame, common to petrol and electric cars. 
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Specially built two-seater petrol cars can be supplied equipped with dual 
controls for driving instruction 


wheel stub axle runs in spaced ball bearings housed directly 
in the free end of the arm. Drive is transmitted through a 
Layrub coupling splined to the end of the stub axle and 
secured by a Simmonds self-locking nut. Disc wheels with 
a three-stud fixing and shod with 20 in <4 in tyres are fitted 
all round. 


Power unit and transmission 

A blower-cooled engine and gear unit of the Villiers 9E 
range is installed in the petrol-driven model. Bore and stroke 
are 59 mm and 72 mm respectively giving a swept capacity of 
197 cm’. Compression ratio is 7-25:1. The enclosed primary 
drive from the engine crankshaft to the clutch on the gear unit 
is by a in pitch roller chain giving a ratio of 2-15:1. Forward 
ratios in the four speed and reverse gearbox are 1:1, 1-27:1, 
1-:78:1 and 2-94:1. The unit is attached to the chassis by four 
Metalastik dual-sandwich mountings operating in shear. 


The central beam is in Hiduminium 44 light alloy 
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Leading-arm type front suspension. The Bramber Flexitor torsion rubber 
unit is bolted to the chassis frame and an Armstrong shock absorber 
is fitted 


Gears are normally selected by a lever on the right of the 
centrally positioned driving seat and operating through a 
gate on the gear unit. 

The legal maximum speed for the petrol car is 20 m.p.h. but 
in preference to governing the engine to keep down the speed 
a policy of employing relatively low gear ratios is followed. 
By this means acceleration and hill-climbing capacity are not 
impaired but are, in fact, appreciably enhanced. From the 
gear unit the drive is taken by a } in pitch roller chain giving 
a reduction of 1-5:1 to a simple spur gear reduction box, 
having a ratio of 3-75:1, mounted on the chassis to the rear of 
the power unit. Thence a short shaft with Layrub couplings 
at each end transmits the drive solely to the near-side rear 
wheel. This single-wheel drive is traditional on such 
vehicles and has been proved to be entirely satisfactory. In 
top gear the ratio from engine shaft to driving wheel is 12-09:1. 


Trailing-arm type independent rear wheel suspension. View shows 
near-side wheel through which alone the drive is transmitted on the 
petrol car 








Steering 

Steering by a transversely arranged horizontal tiller on a 
vertical post, positioned to the right of the seat and supported 
on a light alloy member bridging the two off-side frame 
members, is by means of a link to a horizontal lever pivotally 
mounted in a bearing bolted to the frame front cross member. 
From the front end of this lever a short ball-jointed link is 
connected to the wheel swivel head. 

Users prefer a lighter or heavier steering effort according 
to their physical capacity or temperament and means to meet 
this demand is simply arranged by providing three alternative 
holes to receive the ball stud in the end of the lever. Selection 
of these holes will, of course, alter the leverage ratio and give 
what is, in effect, a higher-geared or lower-geared steering. 
Another consequence is a slight variation of the turning 
circle of the vehicle between approximately 16 ft and 18 ft; 
the high-gear steering gives the smaller circle. 


Brakes 

Braking is applied to the rear wheels only. 
Girling hydraulically actuated brakes of 7 in diameter are 
fitted and are operated by depressing the tiller. For parking, 
the brakes can be applied by a ratchet type hand lever posi- 
tioned forward of the gear lever. Ratchet release is by 
means of a thumb button on the end of the lever. 


Standard 


Body 

The polyester resin-glass fibre laminate body is made in 
three main sections; the front end complete with the wind- 
screen frame, the rear end housing the engine and gear unit, 





On the petrol car the drive from the four-speed gear unit is by chain to 
a reduction gear and thence by shaft to the rear wheel 


and the hard top. These are moulded on the wet lay-up 
method, using chopped mat and woven cloth glass fibre 
reinforcement. The resin mix is stippled and brushed into 
the laminations. One wide door only, on the near side, is 
called for in the Ministry of Health specification. This and 
the simulated door panel on the opposite side of the body are 
of pressed steel. It may be noted that where necessary to 
meet the requirements of the user, the controls can be arrang- 
ed on the left-hand and the door fitted on the off side. 
Access through the wide door aperture on to a flat, unob- 
structed floor is relatively convenient. If desired the seat, 
which is adjustable in fore and aft direction, can be arranged 
to slide transversely from its central position to the door to 
facilitate the transfer of the user from a wheel-chair. A 
folding wheel-chair can be accommodated inside the body 
alongside the driving seat on the nearside. Detachable side 
screens, to fully enclose the compartment, are stacked against 
the metal panel on the off side and secured against rattling by 
a braided elastic strap. A loose bridle strap is fitted to the 
door to enable the user to swing it from a wide-open to the 
closed position from the driving seat. 
The complete body shells are produced at the Exeter works 
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of the C. E. Harper Aircraft Co. Ltd., and transported to 
Egham by road. A shell weighs approximately 70 1b and, 
assembled on the vehicle, is 9 ft 8 in long, 4 ft 1 in wide, and 
4 ft 84 in high overall. 


Equipment and controls 


The power unit incorporates a flywheel magneto for 
ignition and a Siba Dynastart unit for starting and lighting 
in conjunction with a Chloride 12V, 23 ampere-hour 
battery. Standard electrical equipment includes two pre- 
focus dipping headlamps with parking lights, two rear lamps 
with stop lights, winking direction indicators at both front 
and rear, windscreen wiper, and horn. The battery is 
cradled on the floor of the body underneath the facia board 
on the right-hand side. All the electrical controls—headlamp 
dipper switch, horn button, direction indicator switch, 
lights switch, and a combined locking ignition switch and 
starter switch—are arranged on a horizontal panel at approxi- 
mately seat height on the right, outside the parking brake 
lever and the gear-change lever. 

On the tiller are mounted the twist-grip throttle control, 
the clutch control lever, and a fuel cock lever. All three 
are of conventional motor cycle types operating through 
flexible cable connections. 

Other equipment supplied with the vehicle includes 
two detachable side screens, two rear reflectors, speedometer, 
driving mirror, and, of course, a kit of tools and an instruction 
handbook. The fuel tank has a capacity of 3 gallons and 
includes a reserve supply device holding sufficient to give 
approximately 10 miles running. 


Electric car 


As mentioned earlier, the electrically driven version is 
constructionally the same as the petrol model, and has the 
same suspension system. Power is supplied by three 
Tungstone 12V traction batteries, coupled to operate as a 
36V unit of 100 ampere-hour capacity. This is adequate 
for approximately 40 miles running of the vehicle at speeds 
up to 12 m.p.h. Each battery is 24in long, 7} in wide, 
and 10 in high, and weighs about 1 cwt. 

The lh.p. traction motor, a Lancashire Dynamo and 
Crypto unit, runs at 3,100 rev/min and drives through a 
worm-type reduction gear having a ratio of 17-5:1. Embodied 
in the worm wheel is a spur-pinion type differential gear 
which transmits the drive through axle shafts each equipped 


Arrangement of controls on petrol car 


1 clutch lever ; 2 twist-grip throttle ; 3 steering-tiller and depression brake; 4 parking brake; 
5 fuel cock control; 6 gear-change lever; 7 headlamp dipper switch and horn-button; 
8 winking direction-indicator switch; 9 lighting switch; 10 combined ignition switch and 
starter; 11 hydraulic brake cylinder 
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Access to the engine and gear unit, or to the traction motor and batteries 
of the electric model, is by way of the boot lid 


with two Layrub couplings to the independently sprung 
wheels. The gear unit is rigidly mounted on the frame 
cantilevers and the motor is flanged directly to the gear 
casing. Stays from the chassis frame steady the overhanging 
forward end of the motor. 


Electrical braking 

In addition to the normal wheel brakes operated by 
depression of the steering tiller, the traction motor is utilized 
to provide electric braking through the transmission. 
This system is fully effective, in fact, two-stage switching 
has been found to be desirable. The two-position control 
gives first a gentle braking effect suitable for normal slowing 
and coming to rest and secondly a more powerful application 
for use when descending steep gradients or for emergency 
stops. 

This system of electric braking, which is virtually essential 
for users suffering certain disabilities, constitutes the main 
reason for the change in the transmission layout from that 
of the petrol car. Being applied by a switching operation, 
it is insensitive in control and should full braking effect be 
switched on inadvertently under unsuitable conditions and 
applied to a single driving wheel, the vehicle would probably 
be slewed off course. The provision of two-wheel drive 
through a differential gear obviates that hazard. 


Control layout on electric car 


1 tiller, depression brake and twist-grip control ; 2 speed-control box ; 3 visual indicator; 
4 headlamp dipper switch and horn-button; § direction-indicator switch ; 6 parking brake; 
7 battery charger; 8 lighting switch; 9 immobilization key; 10 voltmeter; 11 charging 
socket ; 12 hydraulic brake cylinder; 13 resistance box 
































Electric controls 


A specially designed twist grip on the tiller gives progres- 
sively three forward speeds when turned towards the driver 
and two electrical braking positions if turned in the opposite 
direction. Engagement of reverse drive is not possible until 
the grip is returned to neutral, between first speed and first 
braking positions. The grip can then be moved axially to 
the right and subsequently turned away from the driver to 
give first and second reverse speeds. On the speed control 
box mounted on the tiller is a window through which an 
indicator of the forward, braking, and reverse switching 
position currently in use can be observed. Also arranged 
on this control box is the headlamp dipper switch and horn 
button and the direction indicator switch. 

An electrical control box on the floor at the right of the 
seat carries the master key switch by which the vehicle can 
be immobilized. The 12V lighting system, which is 





Final worm drive and differential 

gear assembly for the indepen- 

dently sprung rear wheels of the 
electric car 


operated from the traction batteries through a transformer, is 
independently controlled by another switch. Also mounted 
on this box are the battery charging socket and the voltmeter 
by which the state of the batteries can be seen on depressing 
a button. 


Equipment 

The batteries are mounted on the cantilever members, 
one on each side of the traction motor and one transversely 
forward of the motor. Access to the longitudinally arranged 
pair is gained by raising the boot lid but the other is reached 
from the interior of the vehicle by way of a detachable panel 
in the rear bulkhead. A battery charger is housed in the 
electrical control box and the resistance box is carried on the 
floor of the compartment, well forward on the right-hand side. 

Other equipment is the same as that for the petrol car, 
with the sole exception that a simple mileage recorder is 
fitted instead of a speedometer, since speeds are low. 








Te pace of technical change today is much faster than it 
has ever been in the past. Its effects on industry are great 
and the effects on human beings may be profound. Obvi- 
ously, technical change raises a host of problems, some of 
which it may be difficult to solve satisfactorily 

Research into these problems is, of course, being continu- 
ally carried out. The research workers produce exhaustive 
and detailed reports that can be of great value in stimulating 
new ideas and new methods of tackling the many difficulties. 
Unfortunately, the reports are necessarily too long for 
executive or trades union officials to read. In other words, 
the people they most concern and might help are too busy to 
spend the time to read a lengthy academic report. 

This has been recognized by the Department of Scientific 
and Industrial Research, which has, therefore, initiated a 
new series of publications called ‘Problems of Industry.” 
The booklets will be as short and as easy as possible to read. 
They will be “industrial versions” of academic reports or 
reviews of comparable research done independently by 
several teams. The idea behind these publications is to keep 
people in industry thoroughly informed as to what is going 
on, and to provide a forum for responsible new thinking 
and to stimulate independent discussion and action, including 
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PROGRESS IN INDUSTRY 


Presentation of Social Research into Present-day Problems 








further research. Naturally, the conclusions and speculations 
in these booklets will be those of the research workers, not 
those of the Department. 

The first of the series is called ““Men, Steel and Technical 
Change.’’ It deals with the changes that have taken place in 
a steel making firm, particularly those that have taken place 
in the last 20 years. The problems of management, chiefly 
those arising from increased specialization, the relations 
between trades unions and management, and the attitude of 
employees to change, are all described. In particular, the 
melting shop is the subject of a detailed study. 

This first booklet is a summary of a much longer report 
published by the Liverpool University Press. It is hoped that 
the booklet will make some contribution towards an under- 
standing of what makes workers view technical change 
either with favour or disfavour, and why, in certain circum- 
stances, they accept and in others resist it. The Department 
also hopes that the new series will help industrial firms to 
investigate problems—social, economic and technical—that 
at present are proving difficult to solve; and to see now, 
and how closely, these aspects are linked. 

These booklets may be obtained from H.M. Stationery 
Office, price 2/-, by post 2/4. 
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The Seating of Wet Clutches 


An Analysis of the Factors that Determine the Time Required for a Clutch of the 





Dr. P. 





An important parameter, governing the efficiency of a 
clutch of the wet disc type is the time it takes to seat. The 
following method for determining this time can be applied 
to two lubricated surfaces having a relative velocity of 
approach, but no relative velocity of sliding, there being a 
film of lubricant between the two surfaces. This analysis 
can be applied to discs with a central hole, which are sur- 
rounded by oil. In a given time, the change of thickness of 
the film of oil, termed by Underwood! the squeeze film, 
between a pair of axially-loaded clutch plates is given by 
Archibald? as: 


3am (rs - Se a a 
At ; - 
4W (a 2h? =] [ log "* ten | 


where: 
4t=time required to squeeze a film from a thickness h, 
to a thickness of h2, sec 
viscosity of the oil in the clutch, lb-sec/in? 


(1) 


ia 

h, and h,=initial and final values of the film thickness 
respectively, in 

r, and r,=the external and internal radii respectively of the 


disc, in 
W =load on the disc, Ib. 

Equation (1) is based on the assumption that the flow of 
the viscous medium, as it escapes from between two surfaces, 
Fig. 1, is directed radially inwards as well as outwards. This 
expression is, therefore, applicable to determine the time to 
seat a wet disc type clutch. The time of seating is, of course, 
the time required to squeeze the film of the viscous medium 
or oil from its thickness in the initial unseated position to 
that in the final seated position. 

Inspection of equation (1) shows that the time required for 
seating is directly proportional to the viscosity and inversely 
proportional to the load. It also depends on the film 
dimension and the radial dimensions of the disc. The 
extent to which each of these factors affects the seating time 
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Wet Disc Type to Engage Fully 
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Fig. 3. Values of r,/r, plotted on a larger scale than in Fig. 2. 


depends on the expressions within the brackets. Therefore, 
a more rational indication of the time required can be ob- 
tained by rearranging the expression to form a nox-dimen- 
sional equation, as follows: 

oe 


“4W iL (rs ) Je ) “7 


In this expression, the a time on the left- 
hand side of the equation can now be expressed for various 
values of h,/h, and r,/r,;. However, before proceeding to do 
this, it should be noted that in a clutch disc the values of 
r, and h, will be given: therefore r,?/h,? will be a constant 
and will be multiplied by the right-hand side of the equation. 
For example, r, may be 5in and h, may be 0-0005 in, in 
which case r,/h,=10*, which can be taken as a constant for 
that particular disc clutch. Thus, it can be seen that the 
following form will be found more convenient: 








(2) 






——— 





hy /h2=20 


hy /ho=475 








Fig. 1. Left: Diagram illustrating the 
geometrical arrangement on which the 
calculations are based. The flow of the 
viscous medium, as it escapes from between 
the two surfaces, is assumed to be directed 
radially inwards as well as outwards 


Fig. 2. Right: The non-dimensional time 


parameter T plotted against r,/r, for four 
different values of thickness ratio h,fh, 
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The term T in this equation is the non-dimensional time 
parameter. In Fig. 2, T is plotted against r,/r, for four 
chosen values of h,/h,, while Figs. 3 and 4 show the values 
of r,/r, to a larger scale. Values of r,/r, have been taken up 
to 1-1 because when r,/r, equals 1-0 the value of time will 
tend towards negative infinity, the curve crossing the 
x axis before the origin. 

These curves show that for a fixed value of h,/h, the time 
to seat, expressed non-dimensionally, increases with the 
ratio r,/r,; it does this slowly at first, but more rapidly as 
the value of r,/r,; increases. The lower the value of h,/h, 
for a given ratio of r,/r,, the smaller is the time to seat. 
Therefore, to obtain small seating times, the value of either 
r,/r,; or h,/h, must be low. This, of course, is based on the 
assumption that the viscosity remains constant. However, 
if the viscosity is affected by temperature, its variation must 
be taken into account. 

In Fig. 2 is shown a power curve obtained from equation 
(3). From this, it can be seen that the time to seat is propor- 
tional to a high power of the dimensions, namely fourth 
power of radial dimension and second power of the film 
dimension. It follows that to reduce this time to a minimum, 
small radial dimensions are preferable. Small values of the 
ratio of the external to the internal radius or, in other words, 
a large central hole in the disc will enable smaller seating 
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times to be obtained. Additionally, the oil chosen for the 
disc clutch should be such as to give a favourable film 
ratio. Equation (3) can be used for rapid calculations to 
determine the seating time characteristics of a wet disc clutch. 

Grateful acknowledgment is made for Dr. F. R. Archibald’s 
helpful suggestions with regard to this work and also for the 
encouragement given by the authorities of the Air Force 
Technical College, Bangalore. 
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N experimental Green Line coach is now being tried out 
by London Transport. It is known as CRL.4—‘‘Coach 
Routemaster Leyland”—and is specially designed for smooth 
riding. CRL.4 is the third vehicle in the Routemaster 
series to enter passenger service. It is similar in design to 
the earlier prototypes, but has mechanical units by Leyland 
Motors Ltd. Unlike the previous prototypes, the suspension 
is by coil springs only on the rear, the front being fitted with 
independent torsion bar suspension. The transmission is 
fully automatic, with an electro-hydraulically operated 
epicyclic gearbox controlled through a circuit recently 
developed by Self Changing Gears Ltd. In due course 
power assisted steering will be fitted. The bodywork is by 
Eastern Coach Works Ltd., to London Transport design 
and specification. 

The automatic gear control, designed and built by Self 
Changing Gears Ltd., Coventry, is fitted to give control over 
the second, third and fourth gears; the first and reverse gears 
are manually selected. If the gear lever is placed in either 
second or third position, the selected gear remains engaged 
until the lever is moved, but on placing the selector lever in 
fourth (top) gear, the full automatic characteristics are 
brought into play, and changing up and down between 
second, third and fourth takes place according to the speed 
of the vehicle and the load on the engine. 

The over-riding arrangements whereby the automatic 
characteristics may be put out of action and second or third 
gear selected at will, is a feature introduced to meet circum- 
stances such as descending hills or moving slowly in dense 
traffic, in which the fully automatic characteristics would be 
unsuitable. Bottom gear is rarely needed for ordinary for- 
ward running of a bus in London, but is occasionally 
required for starting on or climbing a heavy gradient. 
It has, therefore, been isolated from the automatic system. 
The suspension system has been developed to provide a 
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Experimental Double-Deck Coach 


Full 


minimum of roll combined with soft springing. 
independent suspension, as on modern passenger cars, has 
been provided. This is effected by means of long torsion 
bars anchored to the bodywork. Damping is controlled by 
tubular shock absorbers mounted between the wishbones, 
with settings specially developed for the vehicle. The rear 
suspension is by coil springs. 

London Transport designed and developed the heating 
and ventilation system. Fresh air for both saloons is admitted 
through an aperture immediately below the front destination 
box; it passes to the upper saloon through five diffusers 
in the upper front bulkhead, and to the lower saloon through 
two diffusers in the centre of the lower front bulkhead. 
Although none of the front windows can be opened, six 
quarter-drop windows on the upper deck and four on the 
lower deck provide additional ventilation in warm weather. 

The volume of air passing through the system into the 
lower saloon may be regulated by a control attached to the 
upper of the two diffusers. Apart from this control, the 
volume of air passing into the vehicle is dependent upon the 
external air velocity and the vehicle. At a speed of 25 m.p.h. 
11 complete air changes per hour can be attained. 

To provide draught-free ventilation it is necessary to keep 
air velocity in the saloons to a minimum. To this end, the 
size and location of the diffusers have been carefully con- 
sidered. In cold weather the air is heated as it passes 
through a radiator under the first destination box. The 
heater radiator is inter-connected with the normal radiator 
and engine cooling system, and thus utilizes some of the 
waste heat generated by the engine. A heat control is 
located in the centre of the lower saloon front bulkhead. 
Control is effected by varying the flow of water through the 
heater radiator—no flow for cool air, increasing to full flow 
for warm air. A saloon temperature of 25 deg F above 
ambient can be obtained. 
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Gear Lubricants 


American Developments for Hypoid Axle Arrangements 


O: all the functional components of an automotive 
vehicle, the hypoid axle is easily the hardest working and 
possibly one of the most neglected units. Over the past 
half century and longer, engine designers have repeatedly 
had it impressed upon them that it is far easier to design high 
heat input into an engine than to provide adequate heat 
dissipation to prevent destructive temperatures. Similarly, 
it is far easier to deliver increased engine horsepower and 
torque to a rear axle than it is to build satisfactory, trouble- 
free power transmission into a critical unit which is circum- 
scribed by size and weight limitations. 

The trend towards higher horsepowers makes possible 
higher comfortable cruising speeds but, from the standpoint 
of axle life, it means increased torque and axle loads, particu- 
larly during acceleration. Lewis and O’Brien! have pointed 
out that there has been a considerable increase in direct 
drive through larger engines. The doubling of both engine 
horsepower and transmission low-gear ratio has resulted in a 
low-gear loading which may be several times the wheel-slip 
torque. Hypoid axle design has been in the direction of 
more hypoid pinion offset, one 1957 car of U.S. manufacture? 
having a drive pinion which is now offset 2:25 in below the 
centre line of the ring gear compared to an offset of 1-5 in 
last year. Higher offset automatically introduces more 
sliding between the pinion and ring gear. 

Commercial vehicles have followed the same path of 
increased horsepower and axle loading. The axle problem is 
made even more difficult in commercial vehicles than in 
passenger cars because it is very easy to overload a commercial 
vehicle. In addition, as Heinen® has pointed out, the pinion 
speeds of the truck axle at 55-60 m.p.h. are equivalent to 
those of a typical passenger car at about 80 m.p.h. Thus, 
the failures through scoring are similar for both passenger-car 
and truck axles at these high speeds. Tests in military 
vehicles at Yuma, as recently reported by Streets‘ and other 
passenger-car and commercial-vehicle experience bear out 
this similarity in high-speed failure. One of the results, 
therefore, of the tremendous competition for more horse- 
power is a greatly increased burden on the rear axle. 

These intensified stresses on an already critical working 
part place added responsibilities upon the manufacturer, the 
lubricant supplier, and the vehicle user. The opinion has 
been expressed that lubricants and lubrication have become 
a limiting factor in load-carrying capacity of axles. However, 
anti-scoring protection in passenger cars is not enough. 
Some car builders have found that while the active sulphur- 
type lubricants used as initial fill are very effective in pre- 
venting destructive metal-to-metal contact, they have been 
deficient in protection against wear. This leads to looseness 
in anti-friction bearings, excessive backlash, noisy axles, and 
other troubles. The excessive wear of these active sulphur- 
type lubricants compared to multi-purpose types has been 
observed on various laboratory machines. Also, while 
excellent in anti-weld protection, the active sulphur lubri- 
cants do not have satisfactory high-torque characteristics and, 
if inadvertently used in heavy-duty truck axles, may lead to 
scoring and ridging and eventual destruction of the gears. 

On the other hand, the inactive-type lubricant used for 
initial fill of commercial-vehicle axles has proved unsatis- 
factory in some high-speed passenger-car tests, and resulted 
in gear scoring and early axle failure. Furthermore, since 
drive-pinion speeds of commercial vehicles are now in the 
range of high-speed passenger cars, despite the difference 
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in vehicle speeds, the need for greater protection of truck 
axles against high-speed failures is indicated. Thus, protec- 
tion against scoring becomes a recognized factor in lubrica- 
tion requirements of commercial vehicle axles. 

The urgent necessity for improvements in rear-axle 
lubricants was recognized several years ago by a number of 
companies engaged in the manufacture of gear lubricants 
and their additives and some of the advances in the field 
were discussed recently by Leonard Raymond, of the Socony 
Mobil Oil Company Inc., before a meeting of the Society of 
Automotive Engineers Inc. 


New products 

Several independent projects of extensive scope were 
undertaken in interested laboratories with the objective of 
producing new gear lubricants having the anti-scoring 
advantages of the active-sulphur passenger-car type and the 
desirable anti-wear and low-friction requirements of the 
inactive-torque type. The new product is a multi-purpose 
lubricant and can meet the most critical lubrication require- 
ments of both high-powered passenger cars and commercial 
vehicles. By comparison, all other lubricants have only a 
limited field of application. It meets the requirements of 
passenger-cars with “green” gears, being far superior in 
anti-weld protection to any lubricant except the single- 
purpose lead-soap, active sulphur type, and far exceeds all 
previous truck-type lubricants in protection of heavy-duty 
truck axles. 

The active elements in the new type of multi-purpose gear 
lubricant are sulphur, chlorine and phosphorous, which act 
as potent anti-weld materials under high temperature and 
pressure conditions by chemically forming contaminating 
surface films which are strong in compression and weak in 
shear. Through controlled activity they supply the need for 
the higher chemical activity needed quickly at high sliding 
velocities and pressures while retaining essential anti-wear 
and high-torque protection characteristics. The chemical 
activity is carefully controlled to avoid undesirable corrosion, 
oxidation and thermal-instability effects. When used in 
combination with stable base stocks, the result is controlled 
surface activity for maximum EP effectiveness with adequate 
thermal and chemical stability and other desirable 
properties. 

In the U.S.A. the testing of the new gear lubricants has 
involved extensive work in passenger-car and commercial- 
vehicle axles in the laboratory and on the road by vehicle 
builders, oil companies, additive manufacturers and the 
Army. The work has totalled many millions of miles of 
extremely severe service testing in a variety of equipment 
and under different operating conditions; in many cases 
direct comparisons with older types of gear iubricants were 
made. 

The service tests have covered the gamut from short-time 
high-speed tests in passenger cars to long endurance tests 
under very severe conditions in both passenger cars and 
heavy-duty commercial vehicles. 

Many of the test vehicles were selected by the vehicle or 
axle builder because of serious, prohibitive and premature 
axle failures. Despite the severity of the operations and the 
unsatisfactory record of the previously recommended lubri- 
cants, the new-type products invariably showed a tremendous 
improvement in performance and elimination of lubrication 
difficulties. In addition to these special tests, large-scale 
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area tests were conducted in which the new type of lubricant 
replaced the older lubricant in a large marketing area on a 
commercial basis. Testing of this nature is aimed at un- 
covering any unanticipated flaws, but none were indicated. 

This very significant advance in gear and bearing protec- 
tion by the new super-duty-type lubricant has not been 
made at the expense of other important lubricating properties. 
It has excellent resistance against oxidation and deterioration 
under high-temperature conditions in the presence of 
catalytic metals. It also has the necessary foam-resistant 
and storage-stability characteristics; and is compatible with 
the older types of gear lubricants, although mixing with them 
is not recommended as it detracts from the superior qualities 
built into the new product. 

All the field tests were conducted in single or double- 
reduction hypoid axles. Some experience has also been 
obtained in worm-gear applications. As an example, after 
successful experience in a West Coast Fleet with a lubricant 
of 6-Reference level, one company changed to a 10-level 
product and reports very successful use to date in worm gears. 
Another company started worm-gear-axle tests several 
months ago in 70,000 lb dual-worm-gear units running from 
Denver to Salt Lake City with satisfactory results to date. 


Reference gear lubricants 

Mention has been made of a series of Reference Gear 
lubricants used as standards of anti-weld or anti-scoring 
protection. The Reference Gear Lubricant scale runs from 
0 to 15, with O (straight mineral oil) being the low end of 
the scale and 15 (high EP additive content) being the top 
performance level. This reference quality number is fol- 
lowed by a 75, 80, 90 or 140 (as 15-90) to designate the 
viscosity grade. The reference quality numbers apply 
solely to anti-scoring level and cannot be used to describe 
the performance of a lubricant under high-torque, low- 
speed conditions. These reference gear lubricants have been 
used by many of the passenger-car builders to establish the 
requirement level of their gears both as “‘green”’ gears and after 
a 1,000 mile run-in. Sands® has reported that “‘in some cases 
the scoring level requirement on run-in axles was in the range 
of 4-6 Performance Numbers lower than for green axles.” 
The requirement level varied greatly among different axles 
and with different test conditions. 


Dirt, deterioration and gear lubricant change 

Even the best of lubricants and designs can be nullified 
by abrasives. Dirt, particularly when it is abrasive in nature, 
is one of the worst enemies of a rear axle. Rear axles during 
their fabrication and assembly tend to accumulate harmful 
materials from different sources, including sand, metal 
particles, and flakes of paint. Some of these ‘“‘built-in” 
materials can, and do, cause rapid destruction of gears and 
bearings, and manufacturers have taken various means, 
including the use of 2,000 lb water pressure in one case, to 
flush out these materials before final assembly. Experience 
of at least one manufacturer would indicate that one of the 
large incidental benefits derived from the phosphate-coating 
process is that the passage of the parts through the sequence 
of baths cleans them very thoroughly. 

The question of frequency of gear-lubricant change is 
one which continues to be somewhat controversial. Some 
passenger-car builders now recommend no gear-lubricant 
change, while others recommend change and refill either 
yearly or at 10,000-mile intervals. From the standpoint of 
the passenger-car owner, it would appear that a very small 
additional price is paid for what can amount to a large in- 
crease in protection when the gear lubricant is changed at 
10,000 miles or seasonally, instead of less frequently or 
not at all. It might be mentioned in this connection that 
gear-lubricant change is about the lowest item in the total 
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cost of operating a vehicle. The cost of an axle repair is 
prohibitive in comparison, even without the additional cost 
and annoyance entailed by a vehicle being out of service. 


Future problems 


It is probable that axles will have a harder rather than an 
easier job in the future. In some cases, the axle may be the 
key to the design of a vehicle. It is encouraging to note 
the large growth in technical manpower and test facilities 
assigned to axle research and development by a number of 
major car and commercial vehicle builders in recent years. 
This expansion in experimental facilities has included full- 
scale axle installations in the laboratory and increased road 
and proving ground tests. 

In addition, manufacturers are faced with some problems 
which may require basic research for their solution. In 
this connection, more work is being directed along theoretical 
and mathematical lines to analyse gear stresses under dynamic 
conditions. Due to the unsteady nature of the power plant 
and the axle load, the dynamic loads on the gear teeth can 
be very much greater than those computed on a constant 
torque or load basis. The Armour Research Foundation 
is now conducting an excellent programme of determining 
instantaneous and peak gear loads using special methods and 
instrumentation. For research on wear and its prevention, 
the use of radioactive techniques is a very promising tool. 

Temperature level is an extremely important factor in 
axle performance. While the builder realizes and states that 
bulk-oil temperatures in excess of 250 deg F are detrimental 
to gears, bearings and lubricant, apparently the temperature 
load is becoming greater than desirable with current products. 
A real effort to overcome this difficulty either through design, 
metallurgy or lubrication, may be necessary. The manu- 
facturer may require new gear steels having higher hot 
strength and less subject to such things as surface decar- 
burization and annealing at temperatures above 250 deg F. 
The lubricant supplier may find a way to combine excellent 
anti-weld activity with even better thermal and chemical 
stability at high temperatures. 

Higher temperatures are also focusing attention on seals 
for axles and other components, with indications that seals 
may be the most critical elements in the entire automotive 
drive line. Higher temperatures lend emphasis to the need 
for adequate compatibility of seals and petroleum products. 
The increasing need for co-operative action among the 
vehicle builders, the seal manufacturers, and the lubricant 
suppliers is being met by SAE, ASTM and CRC groups. 

The increasing recognition in various quarters of the value 
of closer co-operation between equipment manufacturers 
and lubricant suppliers is a promising factor for the future. 
One such possible combination which will pose a tough 
problem is an automatic transmission-hypoid axle unit 
utilizing a common lubricant. There is need for basic 
research on mechanisms of gear-surface protection, in- 
cluding information on the change in surface condition and 
chemical activity level during and after break-in, and the 
cause and effect of higher temperatures. 
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CURRENT PATENTS 


A REVIEW OF RECENT AUTOMOBILE SPECIFICATIONS 


Pneumatic transmission system 


A hydrostatic transmission, in which an 
engine-driven pump feeds a hydraulic 
motor or turbine delivering the output 
power, operates as a torque converter and 
provides a flexible and stepless drive. 
It has the disadvantage, however, of a 
relatively low overall efficiency. The 
closed-circuit, recuperatively heated, pneu- 
matic transmission, which is the subject of 
this invention, is claimed to avoid this 
disadvantage and to be applicable to a 
motor vehicle. 

In the schematic layout, a conventional 
piston engine A drives a Roots type com- 
pressor B, either directly, as shown, or 




















No. 763433 


through an increasing gear. The delivery 
side of the compressor is connected by 
ducting to the entry of an inward-fiow 
turbine C and the turbine exhausts back 
to the suction side of the compressor. 
Heat remaining in the air after expansion 
through the turbine is, therefore, not 
wasted. 

The engine exhaust gases are passed 
through a heat exchanger D, where more 
heat is acquired by the throughput air, 
and the efficiency of the system is further 
improved. The gases are discharged to 
atmosphere. Additionally, the engine 
coolant may furnish a source of heat by 
means of a second exchanger E located 
at a point before the exhaust gas unit D. 
The temperature of the coolant may be 
further lowered by air cooling by means of 
a fan F before being returned to the engine. 
An inward-flow air valve G, equipped with 
an air filter, is fitted in the return ducting 
between the turbine and the compressor 
to provide automatic compensation of any 
air losses in the system. 

Alternatively, exhaust heat may be 
utilized by injecting the exhaust gases 
directly into the working medium circuit. 
In such a system, a blow-off valve H will 
be provided. 

Power from the turbine shaft to the 
road wheels will be transmitted through a 
reducing gear and a differential mechanism. 
The need for a differential gear could be 
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obviated by the provision of separate 
drives from a pair of coaxial turbines. 
Patent No. 763433. Sir George Godfrey 
and Partners (Holdings), Ltd. 


Regulation of petrol-injection 


engines 

With the primary object of facilitating 
starting, the fuel:air ratio of this engine is 
controlled by a single thermostat. This 
thermostat is influenced, either directly 
or indirectly, by the cooling water, the 
cooling air, or the engine lubricant, and 
may be arranged to regulate also the 
temperature of the medium that acts 
upon it. When an engine is cold, part of 
the fuel injected may be deposited on the 
cylinder walls and the fuel:air ratio of the 
mixture may be lower than is desirable. 
Thermostatic regulation ensures that an 
increased quantity of fuel is injected at 
such times so that a favourable mixture is 
available for ignition. 

In the example illustrated, the cooling 
water is circulated through the jackets of 
the cylinders and the cylinder heads by a 
pump A and returns past a thermostatic 
valve B proportioning the flow between the 
radiator and a by-pass C in the usual 
manner. Quantitative regulation of the 
fuel delivered by injection pump unit is by 
a rack D under the influence of a suction 
diaphragm E displaced by the depression 
in the air intake manifold at a point 
adjacent to the controlling throttle valve F. 
A lever G connected to the diaphragm E 
is linked to the rack D and to the thermo- 
static valve B. Additional regulation in 
dependence upon the temperature of the 
combustion air is also provided. A 
thermostat H_ projecting through the 
cylinder head jacket to the air inlet passage 
is linked to the upper end of lever G. 

In operation, the pump rack is moved in 
dependence on the manifold depression 
and thus in conformity with the amount of 
air drawn into the engine cylinders. Tem- 
perature-dependent regulation is super- 
imposed. When the cooling water is 
relatively cold the thermostatic valve B 
will move G to increase the amount of 
fuel injected. Thermostat H, responsive 
to the temperature of the cooling water 
and also to the temperature of the air for 
combustion, is arranged to reduce the 
amount of fuel injected as the temperatures 
of these elements increase. 

It will be noted that the action of 
thermostat H will influence the thermo- 
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static valve B. In suitable instances, 
therefore, the thermostatic element in 
valve B may be dispensed with and the 
system controlled by a single thermostat H. 
Patent No. 761094. Daimler-Benz A.G. 
(Germany). 


Arrangement of axle gearing 


In an independent rear suspension the 
final drive and the differential gearing are 
mounted on one of the rocking half-axles. 
The arrangement provides a simple con- 
struction requiring a single articulation 
point only, dispensing with a separate 
mounting of the gearing unit on the 
vehicle structure, and increasing the 
rocking length of the half-axles and thus 
reducing camber variation. Weight distri- 
bution is scarcely affected as the propeller 
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shaft lies closely adjacent to the longitudinal 
central plane of the vehicle. 

At their inner ends the half-axles are 
articulated about pivot pin A, on the off 
side directly, and on the near side through 
the attached or integral gear housing B. 
Pin A is carried by a bracket secured by 
two rubber-bushed pins to a transverse 
member of the vehicle structure. The 
outer ends of the half-axles are guided by 
links C and sprung by helical springs D 
assisted by co-axially arranged telescopic 
shock absorbers. 

In the housing B are mounted the bevel 
pinion and crown wheel and the differential 
gearing which drives the near-side axle 
shaft and a short shaft E that is connected 
through a universal joint F to the off-side 
axle shaft. The pivot centre of the universal 
joint is on the axis of pin A. Pinion shaft G 
and pivot pin A are disposed as close to 
each other as is possible and spaced on 
either side of the longitudinal central 
plane of the vehicle so that the two axle 
shafts are of the same length and inter- 
changeable. 

Housing B is attached to the ends of 
pin A, which is mounted in two rubber 
bushes in the suspension bracket, and the 
forked end of the off-side half-axle is 
trunnioned in the rear end of the pin and 
a coaxial bushing in the housing. Patent 
No. 761942. Daimler-Benz A.G. 
(Germany). 





Sliding universal joint 

This two-trunnion type universal joint 
has its sealing boot so constructed and 
arranged that the common disadvantages 
of distension in operation and exposure to 
matter thrown up by the road wheels are 
obviated. Since oil cannot collect to one 
side of the boot, the joint will not be- 
come unbalanced and cause undesirable 
vibration. 

The hollow body A, adapted to contain 
lubricant, is sealed at one end by a cover 
plate B and secured to a companion flange 
C. At the other end is an opening, 
defined by a neck, through which the end 
of the propeller shaft D projects into the 
body. In the end of shaft D is a cross-pin 
E, having a ball F journalled on needle 
rollers on each end. The balls are engaged 
in cylindrical guides formed in the body 
and the assembly is centred by buttons G, 
mounted in the ends of pin E with an 
interposed spring washer. 

Formed wholly of rubber-like material, 
the corrugated boot of frusto-conical 
shape is clamped by a metal band at its 
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smaller end to the shaft D and at its larger 
end is turned over the neck on the body and 
secured by a second metal clamp. Patent 
No. 763307. Chrysler Corporation (U.S.A.) 


Differentially hardened cylinder 
liners 


If cast iron cylinder liners are hardened 
and tempered to change the microstructure 
from pearlitic to martensitic the strength 
of the material is reduced from that ob- 
taining in the “as cast’’ condition. As a 
consequence, particularly in the case of 
jad. a liners suspended in the cylinder 
block 7 an upper flange, the possibility 
arises of the liner breaking away from the 
flange. Accordingly, it is proposed 
to harden the body of the liner selectively 
and leave the flange in a condition which, at 
least, does not impair the “as cast” 
s : 
The liner is placed in a furnace, com- 
prising refractory linings A and a heating 
element B, with its flange supported on a 
age C and protruding from the furnace. 

n the furnace the body of the liner is 
heated to a temperature of 885-890 deg C, 
but the flange is not raised to the change 
point, approximately 760 deg C. If 
necessary, a ribbed cap D of copper mayjbe 
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placed in contact with the flange and a 
current of air directed over it to dissipate 
heat. When the liner is quenched in oil 
and tempered at 370-375 deg C, the main 
part will have a martensitic structure and 
the flange an improved pearlitic structure. 

Tests have shown that a fully hardened 
(martensitic) flange broke under Izod 
impact of 90-100 in-Ib, an “‘as cast” flange 
at 260-290 in-lb, and the flange of a liner 
heat-treated according to the invention of 
290-320 in-Ib. 

The point at which the change from 
martensitic to pearlitic structure is to 
occur is determined in relation to the 
travel of the top ring of the piston to be 
used. If the top ring is so high that it 
would enter the unhardened zone, a short 
length of the upper end of the liner is 
chromium plated in order to ensure that 
no undue wear will occur. Patent No. 
763492. Wellworthy Ltd. 


Steering gear 


By its simple design and construction, 
this steering gear is easy and inexpensive 
to manufacture. The housing is formed 
with opposed annular parts A and B which 
receive one end of tubular member C 
which encloses the steering shaft D for its 
entire length. Rocker shaft E is journalled 
in an extension of the housing and the 
bifurcated end of the rocker arm extends 
through a slot formed in the tubular 
member C. 

The inner surface of member C adjacent 
the housing is machined to constitute a 
bearing surface for a tubular nut engaged 
on the threaded end of steering shaft D. 
At its remote end, the nut is slotted to 
accommodate the end of the rocker arm. 
A cross pin F journalled in the nut is 
provided with flats to slidably engage the 
slot in the end of the rocker arm. 

A cover plate G closing the housing is 
secured by a milled-head screw engaged in 
tapped hole H, and the screw shank 
constitutes a stop limiting the angular 
movement of the rocker arm. Patent No. 
763302. R. Bishop, R. H. Fohnston, 
and G. B. R. Whitlock. 
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Magnetically closed fuel injector 


In the orthodox fuel injector the needle 
valve is of the inwardly opening type and is 
held closed by a helical compression 
spring. At some operating speeds much 
of the pressure energy supplied by the 
injection pump is used to hold open the 
needle against increasing spring pressure 
instead of being available to atomize the 
fuel as it is sprayed into the combustion 
space. As wear occurs in the assembly the 
operative length of the spring is increased 
and the decreased spring pressure leads to 
premature injection of fuel and possibly to 
a later and less positive cut-off on closure. 

The invention provides an outwardly 
opening valve held in the closed position 
by a permanent magnet. Since the flux 
density at the poles of the magnet decreases 
rapidly as the distance of the armature from 
the magnet increases, the energy required 
to hold the valve open is less than that 
necessary to open the valve. When wear 
occurs between the valve and the seating, 
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the air gap is decreased and consequently 
the opening pressure will be increased. 
Such an increase is preferable to the 
converse which applies in the case of the 
orthodox needle valve. 

A cylindrical body A contains the valve, 
magnet, and nozzle assembly and is seated 
in the cylinder head or precombustion 
chamber and secured by a fuel adaptor 
drawn down by a sleeve nut B. The nozzle 
tip C embodying the discharge orifice is 
fitted in the coned end of the body and 
supports the valve seat D on a spacer ring 
of a relatively soft metal. Abutting the 
nozzle tip and the valve seat is a spacer E 
carrying a recessed and slotted stop 
plate F. The armature disc G has a clear- 
ance hole joined by a slot to the central 
part-spherical socket from which the valve 
H is suspended. 

For the magnetic circuit a cylindrical 
magnet J is surrounded by a soft ferro- 
magnetic shell K, in contact with one pole 
of the magnet and elsewhere spaced from 
it by a non-magnetic sleeve L. A fine- 
mesh screen is supported on a perforated 
disc in the end of the fuel adaptor and any 
minute ferrous metal particles passing the 
screen will be attracted to and held by the 
magnet. Patent No. 763799. Caterpillar 
Tractor Co. (U.S.A.). 
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PATENT RIGHTS FOR DISPOSAL 


Independent suspension 
with front wheel drive 


HIS SYSTEM (shown under licence on the gas-turbine Rover car 

at Earls Court Motor Show 1956), utilizes the cardan shafts as 
links in the suspension wishbone linkage, and eliminates the troublesome 
sliding joints in the universals. It also simplifies the general layout, 
especially when ball-joint suspension is used. The patent rights are 
sub-divided as follows : 





BRITISH For all cars other than those having piston-type internal 
PATENT combustion engines of capacity 1000 c.c. or less; an exclusive 
No. 702,454 licence in this category has been acquired by 


THE ROVER COMPANY LIMITED. 


For cars having piston-type internal combustion engines of 
1000 c.c. or less capacity; 


THESE RIGHTS ARE FOR DISPOSAL 


In addition, there are applications, (Figs. 13, 14 and 15) in both 
capacity categories, to rear wheel drive with outboard reduction gear; 
these are expressly suitable for transmitting heavy torques, where the 
elimination of the sliding joint is of particular value. 





FRENCH The owners wish to make arrangements in respect of this, 

PATENT with or without division into categories as above, but subject 

No. 1043096 = © freedom for the sale or use in France of Rover cars made 
in Britain under the patent, and to the sale or use in Britain 
of cars made under the French patent. 





Kindly address enquiries to ‘INDEPENDENT? care of 
A. A. THORNTON & Co., NAPIER HOUSE, 24 HIGH HOLBORN, LONDON, W.C.1 
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Manufacturers of 


@ BRIGHT STEEL AND BRASS TURNED 
AND CHAMFERED WASHERS. 


@ PLAIN BRIGHT STEEL AND 
BRASS WASHERS. 


@ STEEL AND BRASS B.A. WASHERS. 
@ ROOFING WASHERS. 
@ ENGINEERS’ BLACK WASHERS. 
@ Odd Sizes a Speciality! 





BRIDGE WORKS WEDNESBURY ~<-_ STAFFS. 


Telephone : WEDnesbury 0564-5 Telegraphic Address : “‘CHAMFER, WEDNESBURY” 


NOW STANDARDISING 





Westminster Airways 
Servicing Ltd. 


Since 1951, when they installed their first 
‘70’ Junior Lathe, Westminster Airways 
Servicing Ltd., have steadily added to their 
W & M line. Today they have five ‘70’ 
Junior Lathes and two ‘85’ Senior Lathes, 
all employed “with complete satisfaction’’ 
on intricate high precision Aircraft Proto- 
type and Tool Work. 


In work of this kind, which demands such 
high standards of accuracy and reliability, 
“complete satisfaction’ is always the aim 
of W & M. , 


WAKEFIELD ROAD 


WOODHOUSE & MITCHELL | BRIGHOUSE YORKS 
GRAMS: — “WOODHOUSE BRIGHOUSE’ 


WM 21 
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Tooling techniques with Araldite resins are being adopted more and more 
widely. Models, jigs, fixtures, patterns and metal-forming tools, includ- 
ing hammer forms, stretch blocks, rubber press tools, drop-hammer and 
draw dies, can all be made by simple methods with virtually no machining 
and a minimum of skilled manual work. Araldite tooling resins are used 
as gravity cast mineral-filled mixtures or with glass fibre mat or woven 
reinforcement, the latter providing strong, dimensionally stable, but 
lightweight surfaces and structures. Advantages of Araldite in tool- 
making include ease and speed of production, low production costs, light 
weight and ease of handling, negligible shrinkage on curing, accuracy 
of reproduction, dimensional stability, durability, resistance to cutting- 
oils and die lubricants, resistance to moisture and chemical attack, with 


Araldite 
tools 
shape the 


consequent safety in storage. 


Model of part of D.H. 110 tail fin for assembly jig 
checking, constructed in glass fibre reinforced Araldite 
resin and accurate to within a few thousandths of an 
inch. Photo by courtesy of The de Havilland Aircraft 


Co. Ltd. Araldite epoxy resins are used 


for bonding metals, porcelain, glass, etc. 


for casting high grade solid electrical 
insulation 

for impregnating, potting or sealing electrical 
windings and components 


The recommended techniques are simple and easily Sor stebasell abla thes tdaniaines 


acquired. Full details and practical assistance are 
available upon request. May we send you a copy of 
our new publication on Araldite for tools, jigs and 
fixtures ? 


for making patterns, models, jigs and tools 
as fillers for sheet metal work 


as protective coatings for metal, wood and 
ceramic surfaces 


Araldite Qapnauenayy 


Araldite is a registered trade name 


Aero Research Limited 4 cite company - Duxford « Cambridge « Telephone: Sawston 2121 
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FLEXIBILITY..- 


that only DOUBLE PROCESSED GREPED PAPER TAPE can give 


*  Sellotape CREPED PAPER Masking 
Tapes meet all requirements of product 4 
finishing or special processing 
INCLUDED IN THE SELLOTAPE RANGE: 


No. 51 STANDARD 

For most spraying work. Thin but extremely 
strong, ideal for masking sharp curves. 
Temperature-resistant up to 200°F for up to 
2 hours—to 250°F for shorter periods. 
Non-discolouring on most painted 

and enamelled surfaces. 


No. 575 HIGH TEMPERATURE 
For stoving and drying processes. 
Adhesive remains firm up to 266°F for 12 hours. 
No. 52 WAFER THIN 
As No. 51 Standard, but extra thin and 
flexible. Prevents paint build-up. 
No. 46 Z aoe 
Specially designed for protection of rubber | *Double Procensing— Abesluss 
surfaces. Can be removed without leaving i sien. Parteat toyieg af edhesive. M A S$ K ING T, A P Ss 
deposit after stoving up to 212°F. A sec 
For heavy duty masking and protection 4 BB YHOU SY. 
Sellotape Cloth tapes ei nae ; perfect start to a perfect finish 


For resistance to chemical action : ra 
Sellotape Polythene tapes ‘ ee eee Sell is the Reg d Trade Mark of Adhesive Tapes Ltd. 


Sole Distributors in the U.K.—The INDUSTRIAL SELLOTAPE DIVISION of Gordon & Gotch Ltd., 8-10 Paul Street, London, E.C.2. Teleph : BlShopsgate 6511 


REGD. TRADE MARK 











a modern manufacturing science 


The necessary plant and long experience in heavy 

Rae precision pressings are available in the John 

industr a i” a Thompson organisation for the production of all 

2 RESSI N\ G = types of frames, components and fabrications for 

trucks, buses and heavy transport of all kinds. 

Preliminary discussion with experienced design 

engineers is freely offered. Write for illustrated 
brochure. 


JOHN THOMPSON MOTOR 
PRESSINGS LTD. BEACON, 
WORKS, WOLVERHAMPTON , 
Telephone: BILSTON 41121 


Telegrams : MOTOFRAME, 
WOLVERHAMPTON 





JOHN Smee EO MOTOR PRESSINGS LIMITED 
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ASSOCIATES LIMITED WILFORD CRESCENT NOTTINGHAM. Tel. Notts 88008 


Rainbow 1607 
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ew TITS ... Win Al, Times Output 
A tydrautic on | Assembly Operation alone / 


CLA vi oN Production and material costs have been 


considerably reduced at Ferguson Radio’s 
Enfield factory by the installation of Newton 
air-controlled hydraulic clamps for fixing 
simplified push-in type valve holders into 
television chassis. Mounted as a battery of 
10 cylinders supplying independent ram 
pressures to each valve-holder, this equip- 
ment enables | operator to maintain an 
output of |,000 chassis daily. Newton clamps 
helped to solve the problem of 
vertical chassis construction providing 
many advantages in factory assembly 
and after sales servicing. 


Send for illustrated catalogue No. H/243 


a 
Ferguson Operator loading valve ees i JAC KS 


holders on to television chassis, LIMITED 


VALETTA RD, ACTON, LONDON, W.3. Telephone: Shepherds Bush 3443/6. Telegrams: Newsorber, Ealux, London. 





THERE’S A Qvuiet EFFICIENCY 


ABOUT THE 
CROID-COOPER METHOD 


When you reduce noise and vibration you increase efficiency, 
the efficiency of your workers and of your machines, because 
vibration wears out machines, too. 

The Croid-Cooper method holds your machines firmly on a felt base, 
with an adhesive power of 50 Ibs. to the square inch, yet you can change 
your layout overnight because there’s no bolting and grouting with 
Croid-Cooper. And no damaged floors, either. More than 1,000 
factories now use the Croid-Cooper method. May we send you details ? 


Just four strips of Cooper’s MG Felt and some 
Croid ‘65’ Machine-fixing Glue gives you a firm 
installation in twelve hours with a holding power of 
50 Ibs. to the square inch. 


MACHINE FIXING GLUE 


COOPERS 
COOPER & CO. (B’HAM) LIMITED BRYNMAWR FELT 


BRECONSHIRE ° TELEPHONE: BRYNMAWR 312 
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What ALMCO 
BARREL FINISHING 


do you SAVES YOU MONEY 


1,000,000’s of Tapered Roller Bearing Cages have 
d Ce) abo ut been deburred and finished at the Duston, 
Northampton Works of British Timken Ltd. 
using Almco Supersheen Materials and Methods. 
D ee ry ui r r { * g ? Supersheen has greatly expanded the field for 
modern barrel finishing. It makes no difference 
whether you are a small company or one of the 
** giants ’’ of industry and have already installed 
barrel finishing equipment. ALMCO Engineers 
will be pleased to show you how to improve 
your applications and get more work from 
your existing plant. 
SMALL or LARGE there is an Almco Machine 
to fit your requirements. 





AFTER 


Write, Phone or call 
Dept. MT: 3 


SUPERSHEEN 


DIVISION OF GREAT BRITAIN LIMITED 


BURY MEAD WORKS: HITCHIN, HERTFORDSHIRE 
TEL: HITCHIN 3669 


HEAD OFFICE: 46/47 CHANCERY LANE, LONDON, W.C. 


Addresses of overseas distributors :— Sweden - Trumlingsaktiebolaget, Emagatan 36 Pa Johanneshov, Stockholm 
(Telephone No. 487068.) 


Belgium and Luxembourg - Tecnimeta! Societe Anonyme, 67, Avenue Holland- N.V. Technische Handelsonderneming, ‘' Carborundum- 
de L’Eglise, Machelen, Bruxelles, Belgium. Aloxite,’’ Groothandelsgebouw—Weena 723, Rotterdam. 
(Telephone No. 119590.) 


South Africa ~- Barry Colne & Co. (Pry.) Led., 157 & 159, Main Street, 


Switzerland - L. Kellenberger & Co., St. Gallen. 
(Telephone No. 22-3301.) 


(Telephone No. (071)246444.) Johannesburg. 
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*REGD. TRADE NAME 


LIQUID POLYMER FOR COLD CASTING COMPOUNDS 


Thiokol Liquid Polymer Type LP-2 is a solventless liquid that 
is poured and cured cold and does not undergo dimensional 
change during handling. It cures to a Resilient Rubber. 
USED: For casting seals and gaskets in place on various types of machinery; potting 


electrical and electronic components; in the manufacture of printing rollers and large 
detailed relief maps. 


Write Dept. NO/5 for full technical details. 


LONDON: 36-38 Kingsway, W.C.2 Tel.: HOLborn 2532/5 


J M S i FEL & GO L | Vy MANCHESTER: 51 South King Street, 2 Tel.: Deansgate 6077/9 
& a a e BIRMINGHAM: 45 Newhall Screet, 3 Tel.: Central 6342/3 
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BUT IT’S 

BETTER TO 
INSTALL UDAL 
PRESS GUARDS 


¢ 
e 





em anewavaseaens eee 


Many a pressworker exposes himself to danger because the guard slows him down, 
irritates him, frustrates him. That’s one good reason for fitting Udal ‘ Fastrip ’ guards. 
Guard and clutch are synchronised to ensure split-second timing, 
allowing the highest standard of safety without impeding 

production. Send for details today. 


J. P. UDAL LIMITED, : LiL 


INTERLOCK WORKS - COURT ROAD - BIRMINGHAM, 12 


TELEPHONE : CALTHORPE 3114 PRESS GUARDS 
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The Sand-Jet Marking Machine 
(illustrated above) permanently 
marks carbide, stainless steel, 
ceramics, glass and delicate 
thin-walled articles which cannot 
_ be marked by normal methods. 


The Hydraulic Heavy Duty 
Marking Machine (top right) is 
suitable for deep marking ‘on 
tough materials. Also produces 
excellent line and diamond 
knurling on round or flat units. 





Kets : 


Your mark on your products must be distinctive and permanent. The modern 


MA 


method is to mark all parts with numbers, symbols or letters for easy and 
speedy reference. FUNDITOR marking machines will do this as well as 
mark your goods with your brand name—a permanent advertisement to sell 
constantly for you. Manufacturers in all trades are using the FUNDITOR 
Marking Method—which is speedy and efficient for the permanent marking 


of metal, plastic, ceramic, glass and wood components. 


FUNDITO 


From hand-operated machines to powerful heavy-duty machines—there’s a 
FUNDITOR macnine to solve your marking problem. Send us a sample part 


for delicate or deep marking to your specification. 


MARKING 
MACHINES 


Send to-day for our latest catalogue showing over 100 illustrations. 


‘-FUNDITOR LTD., 3 WOODBRIDGE ST., LONDON, E.C. I 


Telephone: CLErkenwell 6155-7 Telegrams: Funditors, Cent, London 
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SOUND CASTINGS 

















We are manufacturers of high duty iron castings 
for the motor car and allied trades. 





As one example we show one of the 
biggest brake drums in use today 
— Cast by Triplex. 


TRIPLEX FOUNDRY LTD 


UPPER CHURCH LANE, TIPTON, STAFFS. Telephone Tipton 1293 
HIGH DUTY IRONFOUNDERS 
























For quicker and more 
economical assembly 


In constant use where speed, economy and simplicity 
are essential, the ‘‘Pop’’ Riveting System is solving 
assembly problems in an ever-increasing range of 
industries. 


Almost limitless in its applications, it requires only one 
operation by one operator, working from one side of 
the material only, to set or 
clench the rivet, thereby en- 
abling rivets to be set in posi- 

tions inaccessible by other 
methods. 


Our technical staff will be 
pleased to co-operate in 
solving your assembly 
problems. 


+ 
4 























The illustration above shows *‘Pop’’ Rivets being used 
attaching springs for holding moulding finishers—just 
one of the many applications in the motor industry. 


TUCKER POPRIvETS 


Geo. TUCKER EYELET Co. Ltd. 
Walsall Road . . . BIRMINGHAM 22 


Telephone: BiRchfields 5024 (7 lines) Telegrams: EYELETS, BIRMINGHAM 
Consultants: AIRCRAFT MATERIALS LTD. Midland Road, London, N.W.1 
“POP” is a regd. Trade Mark of Geo. Tucker Eyelet Co. Ltd. 
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hleENGN 
WATER COOLERS 


In any process in which heat must be 
removed by water, very attractive 
financial savings can be secured by 
continuously re-cooling and re- 
circulating the water. 


Consult us on your needs. 


HEENAN & FROUDE LTD WORCESTER ENGLAND 
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The AB.C.of body patching 





Abbey — 


tin-rich, top quality solder for all work where 
fine finish is essential. 





Belfry — another pure solder by FRY’S for general 





work. 


Cloister — an inexpensive body solder 





for use where economy is 
essential. 


All in 1-Ib. flat bars. 





And for the fastest pre-tinning . . . ——_ 


FRYOLUX Solder Paint ~ = 


Simply brush on, go over with the flame — 
and the job is ready for patching! 5; 


Please write or phone for further 
details to:- 


| F RY’S. Metal foundries Limited 





— 


} Tandem Works, Merton Abbey, LONDON, S.W.19 





y/ And at MANCHESTER 





Tel. MITcham 4023 























GLASGOW ’ BRISTOL ° DUBLIN 











TURNER BROTHERS ASBESTOS CO. 


Shape your 
thoughts with.. 


MURAGLAS 


DielurlerliusGerenlmiricme isa ie lr liiami 
qualities suitable for a multiplicity of 
purposes and their application in the field 
of reinforced plastics might well prove the 
answer to . your problem Why not 


consult) us 


me. TECHNI¢( / TERATURI 


LTD. ROCHDALE ENGLAND 









M.R P. 648 


dm TAS7 
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WHITTAKER HALL 


WHITTAKER HALL 


THE SPECIALISTS IN 
ROTARY COMPRESSORS 


HYDROVANE 


THE SYMBOL OF 
OIL FLOODED COMPRESSORS 


Now combined into the most advanced and proved form 
of OIL FLOODED ROTARY COMPRESSOR embodying 
the experience gained since the first HYDROVANE 
Compressors produced in 1946 and the 10,000 machines 
in use by 1955. 


The inherent feature of Rotary Compression with 
the further advantages of — 

Cool Oil-free air without water cooling. 
Negligible wear and tear under oil flood. 
Improved Efficiencies. 

Compact design. 

And above all LOWER INITIAL COST. 


Whitlaket Weld 
WHITTAKER HALL & CO. (1929) LTD. 


Black Lane Engineering Works, 
Radcliffe, Lancashire. 

RAD. 2421 

London Office: 

119, Victoria Street, LONDON, S.W.1. 
Telephone: ViCtoria 2612. 


All free air capacities 100 P.S.I. running at 1,450 R.P.M. 


and direct coupled to flange mounted squirrel cage motors. 
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60 C.F.M. 


220 C.F.M. 


600 C.F.M. 




















Every foo/ 





for every job ! 





Equip with KING DICK the ALL-BRITISH 
Hand Tools with the unmistakable 
stamp of quality, precision engineering 
and the finest finish. 
For YOUR particular job you’ll do well 
[to specify the very best .. . and 
there are none better than British-made 
KING DICK Hand Tools. 





= 


UKING DICK ) SS 


BUY BRITISH! , 
“ap ABINGDON WORKS, TYSELEY, BIRMINGHAM 11, ENGLAND 






















» Write to Desk AE 
for copy of our 80-page Catalogue. 


























= SINCE 1807} 


els 
FULLER HORSEY 


SONS & CASSELL 
IO, LLOYDS AVENUE- LONDON -E.C.3. Phone ROYAL 4861 


Rathbone 
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\ Fitted any good 
\\ unions lately? 


More and more manufacturers are standardizing 
on Enots brass solderless unions because : 


(a) They make a 100% leak proof joint. 


(b) Fitting and assembling costs are 
reduced. 


(c) The range of some 700 compon- 
ents caters for outside diameter 
tube sizes from }” to 14” and 
for pressures from 4,000 to 
1,000 Ib. per square inch, 
according to size. 


They are specially suitable 
for compressed air and 
hydraulic circuits. 





Enots standard pressure gauge (0-160 Ib. per sq. 
inch) fitted with solderless nut and sleeve 
which enables gauge to be tightened into position 
and facing in any required direction without all 
the usual troubles always experienced when 
the gauge is screwed. 


SOLDERLESS UNIONS 


We invite you to send for our catalogue SF854 which also 
includes details of copper, Bundy steel and flexible tubing, 


BENTON & STONE LTD - ASTON BROOK STREET~+ BIRMINGHAM 6 - ENGLAND 
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This machine is specially designed to cut 
accurately soft and hard metals in addition to 
cutting rubber, fibre, mica, etc. It is supplied 
in two sizes, 36in. and 48 in. wide to cut 
16 s.w.g. mild steel or equal. A third and 
most useful size is the 96 in. x 20s.w.g. mild 
steel machine. :: The machines are of 


ALL STEEL FABRICATION 
& VIRTUALLY UNBREAKABLE. 


Concealed strip lighting enables operator to 
set gauges accurately. 


Write for full particulars. 


IMMEDIATE DELIVERY OF 16 S.W.G. 
MACHINES FROM STOCK. 


Motorised model’availale 


seat see Sule by. - - Registered Design No. 859515 


FS Edwards [fd 


Edwards House, 359-361, Euston Road, London, N.W.1 Lansdowne House, 41, Water Street, Birmingham, 3 
Phones : EUSton 4681 (7 lines) 3771 (4 lines). Grams : Bescotools Norwest London Phones : CENtral 7606/8 Grams: Bescotools Birmingham 3 














@ instantly locked or unlocked by 
quarter-turn. 


@ cam operation ensures smooth 
working yet unbreakable grip. 


@ steel spring gives great strength 
and prevents loosening due to 
vibration. 


FASTENER for use in any 
industry... 


FOR quick, safe, simple fastening of hinged or 

removable covers or panels and a hundred and one 

other fastener applications in the electrical and 

engineering industries —specify DZUS! Combining 

tremendous holding power with extreme simplicity 

A in operation—a quarter turn locks them fast — 

ht — they can easily be mounted in all solid or 

en laminated materials. Any length of fastener can be 


a supplied, to accommodate material of any gauge. 


av PROVED BY EXTENSIVE USE IN 
ALL TYPES OF INDUSTRY — 
Dzus Fasteners are ideal for inspection covers 
or hatches (no special tool is needed), 
machine covers, contro! boxes or panels, 
switch-boxes, facia panels, instrument panels, 
* panels on electrical equipment and anywhere 


where speed in maintenance is essential. 
Specify OZUS! 
FARNHAM FACTORY ESTATE, GUILDFORD ROAD, FARNHAM, SURREY 


DZUS FASTENERS EUROPE LTD. SALES AGENTS IN U.K: 
THOMAS P. HEADLAND LTD., MELON ROAD, PECKHAM, LONDON, S.E.15 
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SINTERLINK 
has it 
buttoned up 


Morgan’s SINTERLINK has indeed got friction 
buttoned up. In a way that is of extreme importance to 
the designer, the manufacturer and the user of all heavy 
duty machinery that incorporates a clutch. 

And now SINTERLINK faced clutch plates are 
available in a unique “ button” design that makes for 
even greater gripping power and quicker heat dissipation. 

SINTERLINK, whether in button or continuous form, 
is made from sintered metal. Because it is metal it will 
not only withstand heat, but will conduct it away as well. 
Because it is sintered, it brings to clutches infinitely 

MAXIMUM MARKS TO longer life—under even the most punishing conditions. 
SINTERLINX FOR 
Low Rates of Wear - Smooth Operation Some printed matter about this is available, or one of 
pee Direction our technical representatives will quickly respond to a 
*phone call or letter. 





MAO ere SINTERLINK 








the final factor in power transmission 


THE MORGAN CRUCIBLE CO. LTD., Battersea Church Road, London, S.W.I11 
Telephone: BAT tersea 8822 


SM/125/A 
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The G.K.N. Hank Rivet Bush is a means 
of providing deep tapped holes in thin sheet, 





plastic sheet, asbestos, plywood or metal. 
It can also be supplied for thicker sheet 
metal, tanks and sheet casing. 


if it’s a matter of 


‘HANK’ RIVET BUSHES 


get in touch with (6 KEN 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LIMITED, SCREW DIVISION: Box 24, Heath Street, Birmingham (8, S/HR/2405 








WEATHER ? 
It’s out of date in the new 


6638 THAMES VANS 













Delaney Gallay make the 
ENPO Heating Equipment 


As with their Thames Traders, Ford have once again 
chosen a specially designed Delaney Gallay heater 

as optional equipment. Our quality and efficiency 

are unbeatable. We also supply individually designed 
heaters to other leading manufacturers throughout 

the world. When you are next in the market, 

why not consult us? We shall be glad to submit 
designs and quotations. 


Delan ey Gall ay iro VULCAN WORKS, EDGWARE ROAD, N.W.2 
Telephone: GLAdstone 2202 
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360° safe: SEEGER CIRCLIPS of all sizes are designed 


and thrice tested for uniform pressure throughout their circumference 


One of the Sheepbridge Engineering Group 
Automotive Engineering Limited The Green, Twickenham, Middlesex 
Telephone: POPesgrove 2206/9 Telegrams: MOTIF, Twickenham 
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Very often our design engineers can improve 
the structural form of your castings, and at 
the same time reduce complexity and cut 
costs. That way you'll get cheaper, more 
sound castings of unequalled quality 
and accuracy. This technical teamwork 
can tackle a/] your casting problems 
—and solve them. 





















CASTINGS FROM A FEW ° 
OUNCES TO 10 TONS 
in phosphor-bronze, gun-metal, aluminium- 
bronze, manganese-bronze, and light alloys. 
Precision machined bushes and bearings. 
Specialists in high-tensile aluminium- 
bronze castings, centrifugal-cast wheel 
blanks, and chill-cast rods and tubes. 


T. M. BIRKETT, BILLINGTON & NEWTON LTD 


HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 
Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: Stoke-on-Trent 87303 


O RINGS Seal > “SELaes’ | 


Steel d 
Full range of British noses joint — The multi-purpose 


standard sizes & h hat lock 
for pressures up to ae eee ee 
available 10,000 Ib. square inch e seals and protects 
















® ¢ @ @ @ 


og 








A SRR DRRSoreprebneR asnAe-7 APA 















Enquiries invited for all 
types of mechanical 
seals and mouldings in 
P.T.F.E., synthetic, 
natural and silicone 
rubbers. 






DOW RY 
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Holroyds help you to keep the wheels turning by holding on call 
for immediate delivery worm reducers in no less than 340 


combinations of size, ratio and type. 





Holroyd HU 


Single reduction underdriven with horizontal 
input and output shafts. Centre distances 3, 4, 
5, 6, 7, 8, 9, 10 and 12 inches. 





Holroyd HO 


Single reduction overdriven with horizonta! 
input and output shafts. Centre distances 3, 4, 
5, 6, 7, 8, 9, 10 and 12 inches. 





Holroyd HV 


Single reduction with vertical output shaft and 
horizontal input. Centre distances 3, 4, 5, 6, 7, 
8, 9, 10 and 12 inches. 





Holroyd Verso 


2t inch centre distance. Suitable for under- 
driven, overdriven or side mounting. 





Holroyd F 





Made in three sizes—lé4 |? and 24 inch centre 
distance, and suitable for a variety of mounting 
positions. 








All the above are available with any of the following ratios :-—5. 74, 
10, 15, 20. 25 30, 40, 50, 60 and 70 to I. 








Holroy 
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JOHN HOLROYD & CO. 


In addition to these gear boxes 
constantly held in stock, there 
are other types and sizes (up 

to 24 inch centre distance) 
most of which can be built up 
for you fairly quickly.. 

Send for the 50 page book about 
Holroyd worm speed#educers 
and you will always hqve 
complete details of the whole 
range by you for quick reference. 


90 YEARS OF GEARS 


LTO., MILNROW. LANCASHIRE 
orc 184 





PS ETN ELSE TETRA PILE NH Net 


Britain’s Roman Highways 


ERMINE STREET 


When the Romans invaded Britain they were faced with the problem of 
creating suitable highways which would give their legions access to the 
ends of the country. Of the many they built the most important and famous 
were the Four Ways; Watling Street, The Fosse, Ermine Street, 
and Icknield Street. 
Ermine Street, the third of the Four Ways, was a direct road from 
London to Lincoln and on to Wintringham on the Humber. By 
means of a ferry it made communication with Brough and York. 
North of Lincoln another road diverged from it Westwards to 
Doncaster. Near London the Enfield Highway is part 


of the old road. 


In Lincolnshire, Ermine Street is known as a‘ ramper’ or 

* The Old Street.’ Like Watling Street and the Fosse Way, 
Ermine Street appears to have been paved from end to end. 
Today the historic highway has become part of the main 
road transport system of the country. This system is about 
to be modernized so that the transport of the 

country may continue to flow evenly. 


ncerned in improving 


of Britain and the 


lay the tradition of their 


. the produets of their 


w road spring factory. 


t AF SPRING DESIGN’ 


{/an Hoadgson 


Ga4BRY OF EERRY 


RICHARD BERRY & SON, WEST BROMWICH, STAFFS. 
Tel: West Bromwich 1766-7-8. 





ONE OF THE (BROCKHOUSE ) companies 








ALL SIZES 
DELIVERED 
EX-STOCK 


ov 
© write on PY a 


Change to 


ROCKWELL 


«ee 


sizes AN 


ye 
a* 
€ ren 


HELICAL 
CLAMPS 


BRITISH PATENT 


Why waste time building up 
rickety, makeshift clamps 
with anything that’s handy? 
Get on the phone today and 
ask for full information about 
Rockwell! Helical Clamps. 
These ingenious clamps have 
been designed for simple 
quick and positive mounting, 
with negligible clamp projec- 
tion over work piece. Each 
clamp is a complete unit, 
with no parts to lose. 


ET GIVING p 
FL oa Rices 
ical DE Lis 


_700AV 


WELSH HARP, EDGWARE ROAD, [f:Ti)od <4‘ '8 3 LL 


LONDON, N.W.2. 


Also at 


GLAdstone 0033 


MACHINE TOOt CO 
ee —— 


Birmingham— Springfield 1134/5. Srockport—Stockport 524!. Glasgow— Merrylee 2822 
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There’s no limit 
to the versatility of 


RICHARDS 
Precision 
Repetnos Machining 


We are equipped for machin- 
ing on Single and Miulti 
Spindle Autos from }” to 3” 
diameters in Free Cutting 
Mild Steel, Brass, Alloy Steels, 
etc., Turning, Milling and 
Grinding capacity available. 


CHARLES RICHARDS & SONS, LTD., 


Imperial Bolt and Nut Works, Darlaston, Ne. Wednesbury. 


Phone: James Bridge 3188 (8 lines) P.B. xX. 
Wires : “Richards” Darlaston. 
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Jov-SEALERS 


THAT ARE WATERPROOF AND REMAIN PLASTIC 








GLASTICON ‘234’ ALL-PURPOSE SEALER 








Supplied in disposable cartridges for use in the 
GLASTIGUN. Each cartridge has its own nozzle which 
can be trimmed to regulate flow. 


@ Adheres to all clean surfaces. 

@ Forms tough, tack-free surface skin. 

@ Can be overpainted with synthetic or 
cellulose paint. : 

@ Available in black or natural colour. 


33/9 Per doz. Approx. 17 oz. net weight cartridges. 
One FREE GLASTIGUN with every | gross cartridges 
or 17/6 each (both net trade). 


7 KELSEAL 
GLAST — 


"304" STRIP SEALER 








GLASTICON ‘DUM-DUM’ TYPE PUTTY 








Supplied in tins and kegs. 


@ Cannot harden or crack ; withstands vibration. 
@ Easily and cleanly applied. 


@ Used by the motor body industry for over 
20 years. 


@ Available in black or, subject to special quota- 
tion, grey, brown or white. 
Net trade prices: 7 Ib. tins 10/8 each. 
28 Ib. kegs. 34/- each. 
1 cwt. kegs 104/- each. 











GLASTICORD ‘304’ STRIP SEALER 








Supplied on 12” reels in non-returnable containers. 


@ Good adhesion. 
@ Heat-proof, moisture-proof, dust-proof. 
@ Remains plastic. 
@ Any section size strip available. 
@ Colours—black or buff. White on quotation. 
2/10 per Ib. net trade. 
(Weights and measures chart available.) 


Available from all Motor Body Factors. Technical data and quotations direct from: 


KELSEAL LTD. 


MELLIER HOUSE, ALBEMARLE STREET, LONDON, W.1 
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Telephone: HYDE PARK 1411 








RF ERENT MEPIS OR TIM aR pe 








SHAINDES STON EEE 


SHEETS AND BARS 


Why burden, yourselt 
| with large stocks 





qo to 


jor ‘off-the - shelf ‘delwery 


BRITISH MATERIAL ONLY 
One eof the largest STAINLESS STEEL STOCKHOLDERS in the country, 
COMPETETIVE PRICES ° SEND FOR sTroc« tisT 


JOHN CASHMORE LTD 
GT. BRIDGE - TIPTON * STAFFS. Tel. Tipton 2181/7 


IN the hectic to and fro of this competitive world, 


there isn’t time for doubts about the dependability 
of your vehicles. Hence the insistence on Foden. 


S ut [al [i] Fea] Re Every day, everywhere, Foden vehicles prove that 
Vs sg they are more than worthy of the trust that is 


SLIDE RU LE S placed in them. Their fame is a world wide 


(MADE[IN GERMANY)" testimonial to their performance. 














THE ONLY 
SLIDE RULE WITH ALL 
THESE 6 GREAT ADVANTAGES 


%& Engine divided—durable—non-wearing. STUDENT MODELS 
te Body spring loaded against slide. ACCURATE, EFFICIENT 
%& Colourfast-cannot change colour with age. baggage Piney pate 
¥% Unbreakable—iong life expectancy. splendid for all student 
%& Bevel of body utilised as scale—may be Purposes 

used for pencil or ink layout. , P a oe 
%& New ineffaceable constant table on plastic we. PaTeunanes — 4 “yowered” By 

label inlet on the re id ‘ 

goad teat. e reverse side assures & CO., LTD. Gardner § cylinder. “ 

Beckenham, Kent. | ‘bo 

Obtainable from Drawing Office Dealers “an. suthinenune 5023 speed super low gearbox, 
and High]Class Stationers. (7 lines) 9.0020, 12 ply tyres. 


ld ae ee ee ee oO ee od 2 FOOENS LTD. SANDBACH CHESHIRE ® 
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in the manufacture of 
OSBORN 
FINE 


STEELS 


Tool steels, stainless steels, heat-resisting 
steels, manganese steels and a wide range of 
alloy steels are produced by Samuel Osborn 
& Co., Limited. The reputation of these 
steels, including the well-known brands of 
Hand & Heart, Titanic, Mushet, Tropic and 
Titan, depends upon their quality and their 
quality depends upon rigid control in 
manufacture. 

The results of the experience of generations 
of steelmakers are blended with the latest 
technical advances in melting practice, to 
produce steels which will meet the most 
exacting standards—there’s no place for 
guesswork in the art and science of steel- 
making. 





FINE STEELMAKERS - STEELFOUNDERS 
ENGINEERS’ TOOLMAKERS 


SAMUEL OSBORN & CO. LIMITED 


CLYDE STEEL WORKS - SMEBEPFPFIEC DOD - ENGLAND 
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CORK RUBBER 


A New Resilient jake Material 
for Exacting Applications 


Coopers Corrub is a high-grade Cork and Synthetic 
Rubber composition. It is dimensionally stable and has a 
good solvent resistance. 


Corrub combines the compressibility of Cork and the 
recovery properties of Rubber, without the “‘side-flow’’ of 
Plain Rubber. It has excellent resistance to fatigue and is 
therefore ideal for applications subject to frequent opening 
and resealing. 


Corrub is available in various grades and thicknesses to 
SPEC. DTD762. 


COOPERS MECHANICAL JOINTS LIMI 


LIVERPOOL ROAD SLOUGH, BUCKS. Telephone 24511/5 


COOPERS’ TECHNICAL ENGINEERS ARE AVAILABLE FOR CONSULTATION AT ALL 








FOR CAR UPHOLSTERY PRODUCTION 


The Radyne Model W/4P 20kW Plastic Welding Press 
will electronically bond motor-car door pads at a rate 
exceeding two a minute. Undoubtedly the fastest and 
most efficient press of its type, the W/4P has been 
peel) nes end production of car door-pads, 
seats and er upholst ’ 
Similar sceneaiion ce ee figures, coupled with THE NATION’S REMEMBRANCE 
utmost economy in every application, are found 


throughout the entire range of Radyne Plastic Welders. 
To every plastic welding operation, they bring speed, 
efficiency, precision and economy. 
adio heaters Ttd Saturday November 9 


WOKINGHAM - BERKS « ENGLAND British Legion, Haig’s Fund, Pall Mall, London, S.W.1 
’ K It HA 030 (6 LINES (Registered under the War Charities Act, 1940) 
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read what customers sa y 


of accurac | 
al y and s Ant 
ained with KEIGHLEY pe “at ant 


“Truly excellent achievement 
ted to learn that 


“You will no doubt be interes 
nley Plain Grinder Type KL’, we 


on your latest Keig 
are now successfully gri 
shafts for hydraulic mo 


nding roller tracks on crank- 
tors with 4 finish of 2 micro 
inches and an accuracy of roundness within 90003 — 
99004”. When it is considered that the point of 
grinding is approximately 7” out from the workhead 
face and also that it cannot be supported in any way, 
the results achieved are truly excellent.” 

an unsolicited comment by 


INTEGRAL LTD WOLVERHAMPTON 














MACHINE TOOLS 








sj Lae MODEL heaitngs : 
4°x 18 HIGH. PRECIS oe AA aor ‘ 





CYLINDRICAL \GRINDER 


EWE TIE 
ilable with self-contained internal 
grindin ya 
# g attachment and ‘TRUMATIC’ 
n ; 
size compensator, is One of a ea 
range of 


supe 
perior quality grinding machin 
manufactured by : 








KEIGHLEY 
GRINDERS (MACHINE TOOLS) LTD 


full details on request 
to 


NEWA 
LL GROUP SALES LIMITED 


PETERBOROUGH 





PHONE 322 
7-8-9 K 
EIGHLEY 
PHONE 42 
94 





























what are you 
waiting for ? 


You want Precision Hobs? We can supply 
them! Spur, helical, worm wheel, spline 
or serration, made precisely to your 
requirements. 

Our standard Spur and Helical 
range is designed to cover all 
» normal requirements and to give 
=» you speedy deliveries, in many 

ms) cases actually from stock. 

- If you have not been using David 
Brown Precision Hobs, write now 
for Leaflet E313.9 and get yourself 
acquainted with our quality and 


our service. 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
TOOL DIVISION 


PARK WORKS HUDDERSFIELD 





MAKE STRONGER 
THREADS UNDER 


ia NE 
31M 50 iia 
RE 4 ov 
A\\\\ 


$ 
<a : \"\) 


MANUFACTURING 


CROSS CO. (1938) LTD. 


BATH, SOMERSET 


Telephone: COMBE DOWN 2355/8 Telegrams : CIRCLE, BATH 
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BUSHES 


3’ TO 10” BORE 
HARDENED 


AND 


GROUND 
ALSO 
UNHARDENED 
By 
The Bush People 


SEND US YOUR ENQUIRIES 
Established 35 years 


Bros. MILLWARD LID. 


WICKERSLEY 


ROTHERHAM 

















LAWRENCE 
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YOUR PRODUCTION PLANNED 
| AROUND 


























EFCO spray washing machines 


_—tailored to your requirements 


% These machines are designed for 
use with EFCO Di-Phase and Alka- 
line Cleaners. 





% We will study and evaluate your 
own particular problem before 
making our recommendations. 


©) %* Our chemists will specify the most 
suitable cleaners and our engineers 
will design and build the machine 
to your production requirements. 
% You are thus assured of an 
installation combining the utmost 
efficiency with economy. " 


Send for our new brochure 
* ‘Automation and Electroplating’. 


ELECTRO-CHEMICAL ENGINEERING CO. LTD. 


SHEERWATER. WOKING, SURREY. Telephone WOKING 5222/7 


Rainbow 1393 
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Salisbury 


GEARS 


and AXLES for Smooth Transmission 
In addition to the well-known Salisbury Hypoid Axles and 
Drive Units, we manufacture a wide range of Gears and Gear 
Assemblies. These include Straight Bevel Gears produced on 
Gleason-Revacycle machines, and also Spiral, Bevel and Hypoid 
Gear Assemblies. Salisbury Gears and 
Gear Assemblies are supplied to cus- 
tomers’ own designs, or our own Design 
Department will gladly assist and advise. 



















SALISBURY TRANSMISSION LIMITED, (A Birfield Company) BIRCH ROAD, WITTON, BIRMINGHAM, 6 
TELEPHONE: EAST 3205 TELEGRAMS: SALISAXLE, BIRMINGHAM, 6. 











for ver anthology, 
true philology 
jotting, wetting, 
astval plotting, 
faces, places, 
legal cases, 
Science and prose 
- wevyone knows 
the best is a 


ROYAL 
SOVEREIGN 


pone [ 










THE ROYAL SOVEREIGN 
PENCIL CO. LTD 
LONDON, N.W.10 









a 


COLLIER & COLLIER LTD. WORM DRIVE 


NORTH MORETON, DIDCOT, HOS” CLIP 


BERKS. - - ENGLAND Phone: DIDcot 2046. 






f 
Brifish Made 








Seat certian pe oy 
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hethe little things that matten. 


consult concentric. 


ibitibbe 


i 
WATER PUMPS, STEERING IDLERS, GEAR CHANGE 
MECHANISMS, BRAKE DRUMS, PUSH RODS, BALL PINS, 
SHACKLE PLATES, THRUST PLATE ASSEMBLIES, MACHINED 
COMPONENTS AND PRESSINGS OF ALL KINDS 


Manufacturers of specialised precision engineered components 
with an established reputation for consistent quality, efficiency 
and long life—components that are fitted and forgotten, unsung 
and uncared for, yet—they rarely fail—they’re made by concentric 


}concentric manufacturin¢ co. lid. 


TYBURN ROAD.BIRMINGHAM., 24. 
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THE RECORD BREAKING 


B.M.C. Development Project EX.179 a 


eee eae 


G:CLANCEY DSBELLE VALE - HALESOWEN 


LELEPHOMBSSCRADLEY HEATH - 69411-2-3 





CALIBRATED JETS 


Amal Limited make jet-calibrating machines for checking 
carburetter petrol jets to conform to British Standard 
No. 720 of 1948. Amal Limited are equipped to manu- 
facture and calibrate jets from .005” to .5” dia. —all of 
which discharge a specified flow to within close limits 
under specified conditions. ‘Amal’ calibrated jets find 
many applications for metering the flow of other non- 
viscous liquids, and also of gases such as town gas, 
butane, propane, methane, etc. 








Sen with direct access by water to all the 
Thameside docks . . . equipped for heavy 
handling—with acres of storage space . . . Parker 
Packing also offers the “know-how” and con- 
scientious care which provide maximum pro- 
tection for valuable exports. 

Parker Packing is a highly specialised organisation, 
developed and trained for the specific purpose of 
packing for export with effective economy. 


Get a fresh slant on your packing problems by 
calling in 





The Parker Packing Co. Ltd., 
Victoria Wharf, Grove Street, Deptford, S.E.8. 


Telephone TiDeway 6511 
WITTON, BIRMINGHAM, 6 


PARKER PACKING SFY 7% 


— PROTECTS YOUR EXPORTS! 
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THE HISTORY OF 


FELT 


IS STILL BEING 
MADE BY 


MASCO 


All through the ages, from the time when, thousands of years ago, wandering tribesmen 
; , ‘ , DO YOU KNOW ALL You 
used it for tent making, Felt has served man faithfully. To-day, Masco Felt is the first SHOULD ABOUT MASCO FELT? 


choice of Industry the world over for a vast range of purposes, from Washers and How, for example, MASCO FELT can help 
you. Please put the question to us—we 


Fabricated Parts for Engineering to fine skirts for Fashion. Why MASCO Felt? Because, welcome enquiries and are glad to offer 
expert advice. Write to Dept. A.E.3. 


MASCO, backed by more than a century of manufacturing experience is Felt at its finest. 


MITCHELLS * ASHWORTH * STANSFIELD & CO., LTD. 


Contractors to H.M. Governments 


23124, Old Bailey, London, E.C.4. 45, Newton Street, Manchester, 1. 
’Phone: City 3606 ’Phone: Manchester Central 3503 


MADE IN_ BRITAIN 
ou For over 100 years Feltmakers to the World’s Industries 


BRITISH CRAFTSMEN 
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Remote 


Control 














are produced by Gills including 
Units made to manufacturers specific 


designs. Famous for twenty years 


they are probably the best. 





Telephone: WHITTINGTON 284 & 285 


110 


IE ELE ILE OS ATE NE OEE LLM SLN IT LESLIE NLT SE LAI NASER OT OSC . 
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FOR REALLY RUGGED WORK 
YOU NEED 


2 mf 





SINTERED 
METAL 
FRICTION 
MATERIALS 


» second to none for:— 


othness 


SMALL & PARKES LTD 


HENODOHAM VALE WORKS, MANCHESTER 9? 


Ollyhurst 2511 


RIA ST Wi ViCteria 1845/6 





All types of Remote Control Units 


for one reason only— 


GILLS fae Ltd 


PACKINGTON HALL WORKS - LICHFIELD - STAFFS 


Telegrams: “REMOTE”, LICHFIELD 


a 





For INCREASED DESIGN SCOPE, USE 


OF LIGHTER SECTION MATERIAL, HEAVY 
DUTY ASSEMBLY, FREEDOM FROM WEAR 
CORROSION, STRIPPING & MOST OTHER 
THREAD TROUBLES 


AAAS 








~ HELF-COIL 


Manufactured by: 
ARMSTRONG PATENTS CO. LTD * EASTGATE - BEVERLEY * YORKSHIRE 
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Bri a> Ages Saar 


WHERE ALL THE BEST 
HOT BRASS PRESSINGS COME FROM 


Here is a Works as modern as the minute, with the very latest in plant and equipment, 
/ planned to offer you the full benefits of specialised production—in the form of better 
quality, prompter deliveries, and keener prices. Whatever your needs in Hot Brass Press- 
ings, Machined Pressings and Assemblies, you will find that H.P.P. can serve you better. 


Croup of Companies HOT PRESSED PRODUCTS 
WHITEHALL ROAD, GREAT BRIDGE, TIPTON, STAFFS. Telephone: TiPton 2731/2. 





IVAUATANTLTAY Ins) <@)WA) CO.LTD. 
Wallows Lane-Walsafl Staffs. fo. yao 
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The progressive man who 
wants to push ahead can 
extend his technical know- 
ledge by wider reading. 
Let SMITH’S supply you 
with all the books you 
need to keep abreast with 
the latest developments 
in automobile design and 
construction. 

Volumes not in stock can 
be obtained for you, and we 
shall be pleased to supply 
a list of standard works on 
any subject. 


® You can also obtain your business —e 
and personal stationery through @ ) 
our local branch. 


W. H. SMITH 


HEAD OFFICE : STRAND HOUSE, LONDON, W.C.2 


BRANCHES THROUGHOUT ENGLAND AND WALES 














Speed-indicators 
for Road Vehicles 


Reliable indication of road speeds is BTH were pioneers in the manufacture of 
essential in view of the provisions of the _ electric speed-indicators for road vehicles, 
Road Traffic Act. This indication must and the equipment is designed for the 
be steady and must be seen at a glance worst conditions likely to be encountered. 


Advantages include : 
Compact design — simple construction ~ few wearing parts. 
No long flexible drive — thus ensuring greater accuracy. 
Protection against dust and vibration. 





WORLD’S MOST RELIABLE 


HOIST BLOC KS BTH speed-indicating equipment, comprising (left to right) . 
split pulley for transmission shaft , speed-indicator (voltmeter 
Send for illustrated brochure 214 scaled in m.p.h.) ; generator with bracket end armoured cable; 
ACROW (ENGINEERS) LTD. ee _ 
South Wharf, Paddington, London, W.2. - AMB. 3456 (20 lines) 


Sole Agents for the United Kingdom BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO. LTD. COVENTRY. ENGLAND 





Member of the AEI group of companies 
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Facing § off each end and drilling 
% centres in 23" diameter Electric Motor 
Shafts in a floor to floor time of 27 
seconds, is typical of the high production 
which can be achieved on the — 


HEY No. 3 DOUBLE ENDED 
CENTRING & FACING MACHINE 


@ Perfect alignment of centres 
@ True faces and accurate lengths 
@ Turned finish on faces 


@ Eliminates subsequent facing down 

to centres or recentrin \ . a ee 
. er Faces 3° diameter. cis bar 
We also manufacture Rotary Cam Vices have “ek 
h handled 6. 


and Profile Milling Machines, Short capacity : 
Thread Milling Machines, Multiple Se eng 
mum 
Drilling Heads and Machines, Tapping ep d bed lengths oe. 
E | t N E E R N GC C0. af D. Machines, Gear Tooth Rounding Standar to 74, 48 
take work UP 


ines, Special Machine Tools f 
COVENTRY PHONE. COVENTRY 8864) sik Rano suena or 72° long. 


dard 











Ya cool ua... 


»-»» MARSTON RADIATOR 


And that means just cool enough to get 
the finest performance from your engine. 
For Marston radiators strike the perfect 

balance between maximum cooling 
and optimum running temperatures. 
That’s why they are fitted as 
standard on Britain’s finest cars. 
What better recommendation 

for the quality and reliability 

of these famous products ? 

















MARSTON EXCELSIOR LIMITED 
WOLVERHAMPTON & LEEDS 


MAR 178A (A subsidiary company of Imperial Chemical Industries Ltd.) 
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Photo: Courtesy Austin Motor Co. Ltd. 


Press Tools & Stretcher Dies 


AT A FRACTION OF THE COST using 


KIRKSITE ‘A’ 


LOW COST- SPEED-HIGH RECOVERY VALUE 


Cost of dies made with KIRKSITE ‘A’ is only a fraction 
of those made of steel or cast iron, the more intricate the 
tool the greater is the saving. Use of KIRKSITE ‘A’ also 
means that dies can be produced in a few days eliminating 
long waiting periods for tools. A complete and speedy 
service for the production of both patterris and dies is 
operated. KIRKSITE ‘A’ data gladly sent on request. 
Also the Hoyt Engineer & Buyers’ Guide, listing all the 
Hoyt products and services. 














Kirksite ‘A’ and Plastics: 


Kirksite is specially suitable 
OBTAINED FROM for metal moulds for Polyester 
resins, having a very long life 


KIRKSITE ¢ a very one ii 
PASS TOONS Paine thether pain o 
reinforced. 


200,000 Petrol tank pressings in 20 gauge steel from one 
KIRKSITE punch. 


68,000 Aircraft jettison tanks in 16 gauge steel. 

20,000 Delivery van sides in 20 gauge stee! 

20,000 Runs in aluminium alloy sheet without any appre- 
ciable wear on tools. 

50,000 Special plastic helmets on one set of KIRKSITE 
tools. 


25,000 Special rubber parts from a KIRKSITE mould. 





PRODUCTION RUNS 




















All the above tools were still serviceable. 
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METAL CO. 


ova 


OF GT. BRITAIN LTD. 


DEODAR ROAD, PUTNEY, LONDON, S.W.15. © 
Telephone: VANdyke 6061. « 


PLAIN BEARINGS ANTI-FRICTION METALS 
BRONZES & LEAD BRONZES * FUSIBLE ALLOYS, ETC, 






























a SINGLE LINE 
PROGRESSIVE 
BREAKAWAY SYSTEM 


(Approved by the French Government). 
























A. Iydraulic Reaction Valve LV. 207 Dual Control, shown fitted to Hydraulic 
Pipe Lins on ‘Tractor. 

B. “‘C” type Coupling with Auto. Shut-off Valve, attached to rear of Tractor. 

C. Breakaway Valve SBS. 256 (or SBS. 257) attached to Tow Bar of Trailer. 

D. Vacuum Tank on Trailer. 

&. Non-return Valve. 

F. Power Unit on Trailer operating Brakes. 

G. Trailer Brake linkage. 

H. Hose connecting LV. 207 to source of Vacuum. Hose connections shown as 
solid lines are those used in normal operation of Brakes. The Hose shown in 
broken line connects the Vacuum Tank to the Power Unit when Valve “C”’ is 
operated in emergency. 

P. Plunger with Safety Seal. 

R. This assembly should be used in place of Coupling ‘B’, when Vacuum 


Pipe Line operating Trailer Brakes is common to that controlling Brakes 
on the Tractor. 
Existing Trailer can be converted by adding ‘*C’’, “*D"’ and “E”’. 


FEENY & JOHNSON LTD 


134-136, EALING ROAD, WEMBLEY, MIDDLESEX 
Tel: WEMbley 4801 & 4802 Grams: Feejohn, Wembley 


DHB/4240 8 














MAVITTA 
DRAFTING MACHINES 


A complete range of Drafting Machines for Boards up to 
50 feet long, both vertical and horizontal. 


Adjustable Drawing Stands and Boards. 
Mathematical Scales in various materials. 


Surveyor’s Rods. 
Isometric Projection Machines, 


THE MASTER—latest 
in our range— Linkage 
by steel bands and 
pulleys—360 degrees 
rotation of index head — 
automatic location of 
main angles by press but- 
ton through knob—quick 
release of head for lining 
up to drawings—counter 
balanced for vertical 
use—modern styling and 
high quality finish. 


FULL CATALOGUE ON 
APPLICATION 





The MAVITTA DRAFTING MACHINES LTD. 


HIGHLANDS ROAD - SHIRLEY - BIRMINGHAM 
Phone: SOLIHULL/2231/2. Grams: Mavitta, B'ham 
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Just call me ‘Doc’ 


‘Doc’, here, to whom we introduce you now, 
is a personification of the many capable Smiths 
and Joneses who form the John Bull teams of scientists 
and technicians. ‘Doc’ has an infinitely elastic 
cranium, crammed with sound, practical knowledge 
of rubber in all its applications. He will always 
be happy to put his brain to work on your behalf. 


¢¥ JOHN,BUL 


u her 


é JOHN BULL RUBBER CO. LTD. (INDUSTRIAL SALES DIVISION) LEICESTER - TELFPHONE 3653) 





MAGNETIC CRACK DETECTION 


IS SIMPLE AND SURE 


Even when too fine to be detected by any normal 
inspection method, surface cracks can be discovered 
immediately with Metrovick magnetic crack detection 
equipment. Developed primarily for tests on com- 
ponents produced in the company’s own factories, 
ranging from large forgings to small pinions, this 
Metrovick equipment is very simple in operation. Use 
is made of a special magnetic fluid which, after passage 
of the magnetising current, enables all cracks to be seen 
with the unaided eye. Most requirements in industry 
can be met from the standard range of Metrovick crack 
detectors. Special equipment can, however, be made 
to order. 

The Metroflux Type “S" universal magnetic crack detector is Please write for full technical details, 

an extremely flexible unit. It is of great value for testing and descriptive leaflets. 


components of large size or awkward shape, and for routine 
testing of mass-produced components. 








METROPOLITAN -VICKERS 
An A.E.1, Company 
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CLASSIFIED ADVERTISEMENTS 
RATE 4d. 


open F ccapatheonwl ry Tra wneaa gee 
Ne accepted 


SITUATIONS VACANT 


PB gene eri SMEN required with general 
engineering experience in Automobile or 
ae Stock. Excellent prospects. Pension 
Scheme in operation. Situation approximately 
= miles south of London. ply in writing, 
Box 2. age, training and general experience, to 
243, c/o rg om 110 Old Broad oo} 
5600 


PPLICATIONS are invited for pensionable 
posts as iners in the Patent Office to 
undertake the official tific, technical and 
legal work in connection with Patent applications. 
AS at a 21 and under 35 years on Ist 
1957, with extension for regular 
Forces! service. 
ON or 20d Cl et have or ——- in 1957) 
st or ss Honours ysics, Organic 
Chemistry, Mechanical or Electrical 
ting or in Mathematics, or an 

qualification, or have achieved a 

eg. A.M.1L.C.E., A. 

'MLEE. "ARC For a limited number of 
vacancies, "candidates with Ist or 2nd Class 
Honours "degrees in other subjects—scientific or 
otherwise—will be considered. Exceptionally, 
candidates otherwise d by high profes- 
sional attainments will considered. 
QTARTING pay for 5-day week of 42 hours in 
\” London between £605 and £1,120 (men), 
— to post-graduate (or equivalent) 

xperience and National Service. Maximum of 
oi £1,345. This salary scale is being increased 
by approximately 5 per cent. Women’s pay above 
£605 slightly lower but is being raised to reach 
equality men’s in 1961. prospects of 
funder to Senior Examiner, rising to £2,000 
der review) and reasonable . ace of 

urther promotion to 

PPLICATION form and aero scietealore 

Sertngus Sues Lesden, Wl, 
5 on Street, London » 
quoting S 128/57 and stating date of birth. 

NTERVIEW Boards will sit at intervals, as 

required. Early application is advised. [5596 





- NEW BALL & 
ROLLER BEARINGS 


OVER 4,000,000 IN STOCK 
IN MORE THAN 4,000 TYPES 


BRITAIN’S LARGEST STOCKS 


@ For automatic and capstan precision 
parts—in any metal—to your own speci- 
fications . . . consult the specialist machinists. 
LF.V., DAL, D.LArm., A.R.B. Fully 


Approved. 


REPETITION 
BAR by ee . > 


Telephone: 
Broadwell 
1115 
(4 lines) 
and 1757 


M.C.L. & REPETITION LTD. 


POOL LANE - LANGLEY - BIRMINGHAM 


SITUATIONS VACANT 

APPLICATIONS are wanted by the Common- 
, Wealth | Relations Office for an appointment 

in India under the 

T nn Co-operation Scheme of the Colombo 
Plan. Will be required to examine the main- 
tenance establishments of State Transport under- 
takings | and advise on improving the methods of 
reclaiming worn-out parts of vehicles and the 
maintenance facilities in general. Must be a 
qualified engineer with full knowledge of the 
incest methods for the reclamation of worn-out 
motor vehicle parts. Duration one year in the 
first instance. Contract with the U.K. Govern- 
ment. Salary £1,750 p.a. (subject to U.K. income 
tax) plus tax-free oversea allowance of £1,135 p.a. 
(married) or £610 p.a. (single), plus other allow- 
ances. For further information and ap lication 
forms write Minis‘ of Labour and National 
Service (E.9), 26-28 King Street, S.W.1, quoting 
A. 12/IND/179/TCS. {5599 

SERVICES OFFERED 

DESIGN Office Capacity available for Mech- 
anical and Production Engineeri Special 
Machines and Projects. Norris Bro ers Ltd., 
7 Pe gmacand Street, London, $.W.1. Tel.: Abbey 


TION 
AMIMI, City and Guilds, A.M.I.Mech.E., 
etc., on “No Pass-No Fee” terms. Over 95% 
successes. For details of Exams. and Courses in 
all branches of Auto., Aero., Mechanical Eng., 
etc., write for 144 page handbook — Free. 
aoa (Dept. 643), 29 Wright’s Lane, L: 


PATENTS 
OTICE is hereby given that Roy Selden 
Sanford and others seek leave to amend the 
Cunglon S tion of the Application for 
Letters Patent No. 775,052 for an invention 
ree soll ie * see Arrangement for Brake 


> ARTICULARS of the proposed amendments 
were set forth in the cial Journal (Patents), 
No. 3,582, dated October 9th, 1957. 
Y person may give Notice of Opposition to 
the amendment by leaving Patents Form 
No, 36 at = Patent Office, 25 Southampton 
Buil Ss, ag cd W.C.2, on or before 
Novem 


jt GIRLING. Comptroller-General. 


CAPACITY AVAILABLE 
PLASTICS. Covers, knobs, handles, etc., in 
strong, smart and econo! plastics. Small 
concern now ready to tool up for your require- 
ments. Prototypes and short runs undertaken. 
Formold, Wheelwrights, Waltham St. Lawrence, 
Berks. {5598 

















WRITE FOR NEW STOCK LIST 


CLAUDE RYE BEARINGS 


895-921 FULHAM ROAD, LONDON, S.W.6 





HIGH-GRADE STOP-WATCHES 
FOR ACCURACY & SERVICE 


OUT GIVE EVERY WELP WITH THEME 
1PUPRE DIA SERVICE. 


ar lllustraled 3404/18 
_ calalogue _ 40:8: 
PRESTONS LT BOLTON + LANCS 


+ TEL. BOLTON &76/7 


ALL TYPES OF BOLTS, 
NUTS, SCREWS & STUDS 
FOR ENGINEERING. 


ALTRINCHAM ST. 


ARDwick 1765 


Represen 
KELMWAY-' BABER & CO, LTD 
¢ VICTORIA STREET, S.W.1. Tel. ABBEY 6860 





COTTON BAGS 


FOR SPARE PARTS Etc. 
Walter H. Feltham & Son a 


imperial Works, Tower 


Bridge 
Telephone: HOP 1784 LONDON, sat 





MEK-ELEK Engineering Ltd. 
17, Western Road, Mitcham, Surrey. 





STEEL SHELVING 


100 Bays of Brand New Adjustable Steel 
Shelving 72” high x 34” wide x 12” deep: 
stove enamelled bronze green; sent knocked 
down, six shelf bay £3 15s. 
Sample delivered free. Quantity discounts. 
N. C. BROWN LTD., 
Eagle Stee)works, Heywood Lancs. Te!. 69018. 

















J (one) 
Va 


Only 3M provide grinding and polishing Demonstration Centres run by 


qualified engineers. 


Here, at no cost and on your own products, you can see for yourself how time can be 
saved and a better finish achieved. Remember, 3M abrasives do a better job. 


“ MINNESOTA MINING & MANUFACTURING CO. LTD. 
London + Birmingham + Manchester <- Glasgow 








we 


HH SUIMBYG ASIONOUNLA ..03Ib3S* IW3HI, 319W|G 
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TURQUOISE OF COURSE! 


Turquoise pencils are famous for :— 


SMOOTHNESS Millions more tiny graphite 
particles are compacted into every length of 
Turquoise lead. This gives perfect silky smooth- 
ness without flaws and means swift, effortless 
work, saves time and energy. 

























BLACKNESS Lines drawn with a Turquoise are 
always crisp and uniformly black due to 
wonderful 100%, Electronic Graphite which 
guarantees maximum density. 


STRENGTH |= The compact lead that results from 
this 100% Electronic Graphite will take a needle 
point and hold it under great pressure. Saves 
annoyance and frequent sharpenings. 


_DURABILITY Turquoise lead is so compact that 
the longest line remains uniform in width and 
blackness yet will rub out without trace if 
required. 


GRADING Turquoise pencils are available in 17 
grades—from 9H to 6B—reliably and uniformly 
graded and thoroughly checked. 


drawing pencils 


EAGLE PENCIL COMPANY * ASHLEY RD ‘ TOTTENHAM 'N.17 





For Nail or 

Screw fixing, 
Spot-welding, 
Pinning or Bolting 


EE-NUTS 


fix it FRR 


-and Fast! 


TEE-NUTS ensure the rigid security of metal thread assembly in 
wood, plywood or thin gauge metal where tapping is impracticable. 
Produced in a wide range of types to suit a great variety of fittings. 
TEE-NUTS can be supplied either with self-anchoring flanges, with 
“ pips” for spot-welding or drilled for pinning. Made with barrels 
of various diameters and depths, in standard thread sizes from 4 BA 
to #,” Whitworth to accommodate screws supplied by customer. 
Available to the Trade only. 





\\ 





VALI 


wooD 


TUBE 


























For full details write or telephone :— 


CARR FASTENER CO. LTD. 


47 WOBURN PLACE, LONDON, W.C.1. MUSEUM 1433 
MANCHESTER: 50 NEWTON STREET, MANCHESTER, 1. CENTRAL 4057 


BIRMINGHAM: 214/215, DAIMLER HOUSE, PARADISE ST., BIRMINGHAM, 1 
MIDLAND 2297 


CARR PASI TENER CO. LTD., STAPLEFORD, NOTTINGHAM, 
TEL, SANDIACRE 3085 


Dé 
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CARN Aas eee 


prings 
should, be lurely too / 


Strength, resilience and the ability 


to stand up to resistance by night 


or day, these are the qualities of 


a good spring—a Lewis Spring. 
Send 2/éd for our 40 page 


manual of technical data and learn 


a lot more about Lewis Springs. 


LEAVE /T TQ 








OF REDDITCH 
RINGS. SPRING CLIPS 
PRESSWORK, WIRE FORMS 
VOLUTE SPRINGS 


“THE LEWIS SPRING CO. LTD | ;- 


RESILIENT WORKS * REDDITCH 
Tel: REDDITCH 720 (PBX) 
London Office: 122 High Holborn, W.C.1 Tel: Holborn 7470 and 7479 


INDEX TO ADVERTISEMENTS 
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3 TAPPING AT 600 R.PM! 


Here is an example of a tapping operation witha 
Hicycle tool, saving man hours by its speed over 
laborious hand methods. For example, a 3” hole 
can be tapped at a speed of 600 rpm and by a 
backward pull of the machine reversed out at 
1000 rpm leaving a perfectly tapped hole. By 
using these highly efficient electric power tools 
hand work is eliminated without the time loss in 
taking the job to a machine. You should investi- 
gate Hicycle tools as a means to greater 
mechanisation on production work. Ask for 
Catalogue No. 54C. 


What is Hicycle? 


A range of electric tools for increasing the 


output per man by stepping up the electric ELECTRIC PRODUCTION TOOLS 


supply to 200 cycles, thus providing a high, MADE BY 
maintained working speed. Other advantages 
are: greater reliability because there are no 


5 ® 
armature windings to burn out, greater power (onsolidated Pn Cll Wall ( 
with no increase in weight, and absolutesafety 


because of only 72 volts to earth. 
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CONSOLIDATED PNEUMATIC TOOL CO. LTD. 232 DAWES ROAD, LONDON, S.W4 


Automobile Engineer, November 1957 
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—y =. acomplete service 


BROACH DIVISION 


© DESIGN 

e MANUFACTURE 
e APPLICATION 

e MAINTENANCE 


The Broach Division of B.S.A.Tools Limited is the 
largest plant in Europe devoted to broach production 

and broaching technique. It has the capacity to design 

and manufacture every type of broach (from those of 

needle size for machining metering jets to examples 

weighing half-a-ton or more) and is equipped for broach 
function-testing and for demonstrating how broaching 

can effect economies compared with other methods of 

machining. Others of its services are the regrinding 

of broaches and the evolving.of special equipment for 

adapting existing machines to new broaching require- F 


ments. In fact, the B.S.A. Broach Division offers a re 
complete service to broach users and to those Until broaching was applied to machine the * Somes 





contemplating the application of broaching. aschicl tinh a set af trot GE. Pays dl ees utes. he 


reduced to 44 minutes! A brochure giving further examples is 
available on request. 


B.S.A. TOOLS LIMITED SA BROACH DIVN.. REDDITCH, WORCS. 


Sole Agents in Great Britain 
BURTON GRIFFITHS & CO. LTD., Broach Division, STUDLEY ROAD, REDDITCH, WORCS. Telephone: REDDITCH 1291 
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